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PREFACE. 

It is only within very recent years that the water- 
works stand-pipe has forced for itseHf recognition as 
a powerful destructive agency. The growing fre- 
quency of aooidents to water-works stand-pipes has 
indicated fthe need of a refbrm in 'their design, con- 
stnKJbion amd use. The suh^tantial dmprovement 
wlhiidh has 'been effected in ateam boilers 'through 
the syatean'atic investigatnion and analysis of boiler 
explosions, has suggested the possible value of a 
similar inquiry into ithe ftiiluree of i^tand-papes. The 
record here presented is tihe direct outgrowth of 
this suggestion. 

As origfintallly conJtemjylated, the record was to con- 
sist simpily >f a com)piJ«ltion of facts and data re- 
lating to the variious cases described, but it early 
became evident that the investigation w>ould lack a 
very important feiature should na aittempt be made 
to digest the compdled facts for the purpose of for- 
muda^ting a definite 'theory for each accident or fail- 
ure included in the record. An effort has therefoi^e 
been made to meet this requJiremenit by giving dose 
consideration to all avaiiable imformajbion bearing' 
upon the eondfitdons and cipcumstances atJtending or 
leading up to the several accidents. The claim is 
made for the adiopted theories that they are not 
merely plausible, but that they are probably more 
nearly in line with the recorded data than any o&ers 
which may be assigned. It was for obvious reasons 
quite difficu'lt to use the desired freedom in some 
cases, wiithoU)t running a risk of injuring innocent 
parfties, or, perhaps, recording strictures of too great 
severity. There are dioubtiless those Who will be dis- 
I>osed to take exception to some of the theories ad- 
vanced in the following pages. It was with the view 
to afford -bo such an oppontunity for independent in- 
vesitigatiion of the oases questioned that the iist of 
references to sources of informa'tion was given at 
the conclusion of each description. It is but fair to 
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state thiat a broader scope assumed for the inve^- 
tigation, «ulnioat from its finception, has served to 
stimulate a spdiit of persistence both in the compila- 
tion of full atatememts of fact, and in <dhe equally 
important moitter of excluding, xx a>t least qualifying, 
informal3i<on of doubtful character. 

With the exception of a few additions and revi- 
sions, ithe oni^nal record comprising the body of 
this book is a repmint of a series of articles which 
appeared fii^t in Engineering News during the 
moQtJhs of Ap>ril, May and June, 1894. Certain ac- 
cidenfts of a more or less obscure chaiuater were 
overlooked in tihe preparation of the original record. 
These cases and a fess aocidenits which have taken 
place during Ithe intervening twelve months were 
presented in sedal form in Engineering News of 
April 25 and May 2, 1895. This supplementary 
record forms Appendix 1. 

Aippen'dix II., whiich contains an analysis of the 
phenomena immedda^teiiy following the initial rupture 
of "the Peordia «tand-pipe, is inserted by the publish- 
ers as ithe book goes to press, with the consent of 
the author. The matiter thus presented is a oom- 
munica/tion from Mr. D. H. Maury, Jr., Suiperin- 
tendent of the Peoria Water Co., previously with- 
held for the rea-9onfi i^tated in the pablishero* note 
introducing the Appendix. The chief value )f the 
Appendix is in the plan of the ruins and develop- 
meurt of the demolished lower pontdon, the comments 
themselves beiing essenitially the same as those pre- 
sented jointly by (Mr. Maury and Mr. C. B. Davis 
in their ireport of the failure, which appeared in 
Engineering News of April 5, 1894. Furthermore, 
the analysis given in this Axipendix does not sctiin 
to be discordant with the more elLaborate report by 
Mr. J. A. Harman, whddh is Quoted in full in the 
descriptiou of the Peoria flafllure, in the body of 
this hook, from Engineering News of April 26, 1894, 
and the summ<arized statement by Mr. W. C. Parm- 
ley. Assistant City Engineer, likewise quoted from 
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Engineering News of May 10, 1894. In view of Mr. 
Maury*s linitiinate knowledge of the detaiU of the 
wrecked stand-.pipe, acquired fnom close and deliber- 
ate personal investigation, there is much cause for 
regret tbat he has not seen fit to discuss the cause 
of <the accident. 

Previous to the pu'bldcatfion of the ordgiual record 
in sewial foipm, ithe need of a parallel investigation 
along the lane of current practice in stand-pipe speci- 
fications and their enforcement became evidenlt. An 
inquiry of ithis kind was undertaken, the result ap- 
pearing first in the florm of a contnibution to En- 
gineering News of Feb. 28, 1895, and now as Ap- 
pendix III. lof -this book. Thfe "ddscussion drew fo«rth 
two valuable communications on stand-pipe con-' 
struction and improved shop methods by Messrs. 
Freeman C. Coflan and Wm. R. Webster, respec- 
tively. These oonitributions appeared in Engineering 
News of May 2, 1895, and because of their per- 
manent interest and value are made a part of this 
book as Api)endix IV. The assignment of this lib- 
eral space to the discussion of a matter wihich was 
not contempJated in the work as first undertaken, 
is based upon the bedief that reform in this field 
of constructiOin may (be accomplished most eflacienrtfly, 
and perhaps solely, througlh the associated study 
of "cause" and "preventdon." 

Besides the oommuuicatious just mentioned, Appen- 
dix IV. contains one from the Sranwix Engineering 
Co., in relation to the specifications for the stand- 
pipe at Schenectady, N. Y., designed by them. The 
Appendix is concluded by an abstract of an article 
on the construction of the stand-pipe at St. Ber- 
nard, O., by Mr. Geo. Htornung, the designer of 
the structure, which appeared in Engineering News 
of May 23, 1895., This description is given space 
because of its value in connection with recent de- 
velopments in the methods of erecting stand-pipes, 
the use of power riveting being of special signifi- 
cance. 
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In discussing the enforcement of specifications an 
Appendix III., much stress is placed upon the im- 
portance of preserving in permanent form proof 
of the Boope and charaatea: of (the «strw3tuml tests of 
material used in the stand-plipe. An emergency re- 
quiring (the producition of such evidence is not apt 
to occur with very many -stand-pipos, and for this 
reffiwon the necessary precautions are often over- 
looked. It is well to know, however, that proof of 
quality may be demanded in cases where no accident 
of any kind li'as been sustained. An instance of tliis 
kind was recently brought to light by litigation 
based on alileged deprecdaJtiou of real estate values 
^ntlguous to a stand-pipe, the suit having been 
* suggested by the failure of a stand-pipe in a neigh- 
boring city. In suoh a suii't, the evidence of most 
weight obviously should be the tesbimony of the de- 
signing and construotjing engineer, supported by 
authentic cerftnficates of sitructural tests made by dis- 
interested experts. In the particular case referred 
to, however, such evidence would have been weak- 
ened by 'the fact thait the engineer of the structure 
causing the lii-tiigaition had also designed the stand- 
pipe whose failure had suggested the diamage supi't. 

The author de»ires here to acknowledge his in- 
debtedness to the large number of engineers and 
others w<ho have contributed geneilously to the stock 
of information contained in the following pages. 
Special credit is given throughout the book where- 
ever the circumstances of the case have made this 
proper. The warm interest in <the su'bject of this 
monograph, which has been displayed by 'bbose con- 
sulted in the progress of the investigation, warrants 
the hope that the reproduction of this record in per- 
manent form waiW be regarded with favor by thos.? 
engaged in stand-pipe design and construction, par- 
ticularly since no attempt to puiblish a complete rec- 
ord of the kind has hitherto been .made. 

Champaign, 111., June, 1895. W, D. P. 
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Introductory. 

In view of the extensive use within recent years 
of the elevated tank, commonly known as the stand- 
pipe, in connection with water supplies, there is 
no reason for surprise in the fact that a number 
of such structures have failed entirely and that 
others have sustained more or less damage from 
various causes. The records of this class of acci- 
dents heretofore published have been very incom- 
plete either as to the number of cases described or 
in the extent and nature of the information given. 
The record which is here presented is the result of 
an extended investigation of the subject and it is 
believed to be more complete than any heretofore 
compiled. While it is quite possible that a few 
instances of slight damage may not be included in 
the list, an extended search indicates that no acci- 
dent of importance has been omitted. 

At first thought, it may appear improper to in- 
clude in such a record instances in which the re- 
sulting damage was relatively very slight, but the 
inclusion of several such cases seems fully war- 
ranted by the fact that a careful consideration of 
them serves to throw much light upon the causes 
and conditions which have led to other and more 
serious accidents. 

Such a record should include a statement, not 
only of the conditions existing at the time of the 
accident, but also of the principal details of the 
structure itself. In attempting to comply with 
these requirements, photographic views have been 
secured in a number of cases, of which several half- 
tone reproductions will be presented. 



The inyestigation would also lack a very essen- 
tial feature if the question of cause of accident 
were not especially considered. To this end com- 
ments of a more or less critical nature have been 
made and, in order to avoid the embarrassment 
which might result from such freedom, personal 
references of a damaging nature have been studi- 
ously omitted. 

The term " stand-pipe," which is ordinarily re- 
stricted to relatively tall structures, is here used 
in the broader sense to include all of the forms of 
water-works tanks coming within the range of this 
record. 

While the several descriptions are, in themselves, 
of interest historically, it should be observed that 
the most valuable and instructive points in connec- 
tion with the subject are developed in the classi- 
fication. The latter is believed to be the most ex- 
tensive and, perhaps, the only one of the kind yet 
made. The classification above mentioned com- 
prises a summary of the more striking facts de- 
veloped in the detailed description and is accom- 
panied by a brief discussion. Although the facts 
have, to a great extent, been compiled through ref- 
erence to the files of technical periodicals, many 
of the more important points have been communi- 
cated to the writer and have not heretofore been 
published. Much of importance has been obtained 
only through persistent research and, in several 
instances, obscure sources of information have 
been reached by chance. The list of special ref- 
erences accompanying each description includes all 
sources from which facts have been drawn. The 
writer desires to here acknowledge the uniform 
courtesy and attention which his inquiries have re 
ceived. 

After the body of the following record and the 
accompanying discussion had been put in type, in- 
formation was obtained from various sources re- 
lative to a number of omitted cases. Owing to the 



difficulties attending an extensive revision of the 
original discassion, it was deemed beet to present 
the above-mentioned cases in the form of an ap- 
pendix, a plan which has proven peculiarly favor- 
able to the insertion and revision of descriptive 
matter up to the time of going to press. The 
supplementary record, with a brief discussion of the 
omitted cases, will be found in Appendix I. 

The intimate relation between a record of acci- 
dents and the question of prevention has led to a 
request that something along the latter line be 
given. This request had been partly anticipated 
and provided for in the preparation of the general 
discussion already referred to, but the character 
of that discussion is such as to forbid going into 
details upon many points. For this reason it has 
been thought best to present in a separate place 
some points which, although closely related to the 
record of failures, do not properly come within its 
scope. In Appendix III. is collected matter related 
mainly to the questions of quality and tests of 
plate metal, and it is hoped that the points there 
presented may not be wholly without value to those 
engaged in the preparation of stand-pipe specifi- 
cations. 

Cleveland. O., 1868. 

The earliest stand^ipe failure* of which a record 
is available occurred at Cleveland, O., early in 
1868. The only mention of this accident to be 
found is <tfhe following brief account given by the 
late J. D. Crehore: 

Sometime in the spring of 1868, in Cleveland, O., a 
new wrought iron tank 00 ft. in diameter and 
filled with water to the height of 18 ft., burst 
and fell asunder. The thickness of the single-riveted 
sheets composing this tank did not exceed 3-16 in. 

Diligent inquiry has tailed to develop anythinn 



•Although the Cleveland accident was the earliest 
"total failure" of which mention could be found. It Is 
proper to call attention here to the fact that an earlier 
incident, the leaning of a brick water tower during 
its construction in 1854, at Chicago, 111., is recorded 
in Appendix I. 



definite except that the tank in question did not 
belong to the water-works system of the city of 
Cleveland. A suggestion that it was a new oil 
tank being tested by water pressure seems plausible, 
but no facts either confirming or disproving this 
supposition could be secured. 

Under the conditions above stated the unit stress 
upon the 3-16-in. plate, assuming 50% efficiency in 
the single riveted joints, would have been about 
30,000 lbs. per sq. in. This fact in itself fully ex- 
plains the accident, although other conditions, such 
as defects in individual plates, may have had some 
bearing in hastening the destruction of the tank. 

References.— Van Nostrands' "Engineering Maga- 
zine," Vol. XXV., p. 330 (October, 1881). Correspond- 
ence with the Water Department and with the Stand- 
ard Oil Co. (1893). Correspondence with W. W. Cre- 
hore, 0. E. (1893). 

Jersey City, N. J., Dec. 31, 1869. 

On Dec. 31, 1869, the stand-pipe at Jersey City, 
N. J., collapsed and fell. It had been constructed 
in 1859 of plate iron % to 7-16 in. thick, and con- 
sisted of two parts, the lower portion being 160 ft. 
in height and having a diameter of 6 ft. at the 
bottom and of 4 ft. at its top. Resting upon, an^ 
braced to, the lower section by angle irons was a 
small cylindrical tank 10x10 ft., making the en- 
tire height 170 ft. It is said to have been riveted 
together in a horizontal position and afterward 
hoisted into place, which fact, it will be seen, prob- 
ably weakened the structure. 

The following statement by the engineer in charge 
of the pumping engine at the time of the accident 
has been secured through the courtesy of Mr. W. 
W. Ruggles, Chief Engineer of the Jersey City 
Water Department: 

The weather for a week previous to its fall had been 
about zero in the warmest part of the day, and for 
three days before its fall the temperature ranged from 
2 to 10** below. The stand-pipe was nearly choked 
with ice. The engineer turned a steam pipe 2 Ins. in 
diameter Into the stand-pipe Just above the discharge 



pipe, and tried in that manner to dislodge the icft 
Lt relieved it partially and would probably have rem- 
edied the matter entirely, but for what followed. The 
tank, 10 ft. in diameter, which rested on top of the 
pipe, 4 ft. in diameter, was loaded with ice 3^ ft. 
thick. The ice in the stand-pipe was from 2 to 3 in& 
thick, and the weather bitter cold. The wind, which 
had been in the northwest, suddenly turned to the 
southwest, and grew very warm. The sun and the 
wind together melted the ice on the south side of 
the pipe somewhat, and it toppled and fell. The pipe 
buckled at the point where, at the time it was hoisted 
into position, the lashings had been put about it.* 

In falling, the stand-pipe broke into three pieces. 
A statement which has been made to the effect that 
it was " repaired and re-erected," is incorrect; for 
a new stand-pipe, having a height of 160 ft. and 
diameters of 6 ft. 6 ins. and 4 ft. at base and top, 
respectively, was built on the site of the former one. 
In 1872, a brown-stone and brick tower, 210 ft. 
high, was built, inclosing with the above stand- 
pipe, a second one erected in 1871. The latter, situ- 
ated 15 ft. from the other stand-pipe, is also 1(50 
ft. high, but it has a uniform diameter of 6 ft. 
Both of them received a coating of silicious compo- 
sition to prevent oxidation. 

References.— Engineering News, Vol. VIII., p. 226 
(June 4, 1881). "Proceedings of American Water-Works 
Association," 1888, p. 106. "Engineering and Building 
Record," Vol. XVII., p. 337 (May 12, 1888). Engineer- 
ing News, Vol. XX., p. 272 (Oct. 6, 1888). "Manual of 
American Water- Works," 1889-'90, p. 203. Correspond- 
ence with Chief Engineer, Jersey City Water Depart- 
ment (1893). 

Sandusky, O., Oct. 20, 1878. 

This stand-pipe, built in 1876-7, is of steeB and 

consists of two concentric shells, the outer, 25 X 180 

ft, and the inner high-pressure pipe, 3x229 ft. 

The thickness of the outer shell ranges from % 

 Since the above description of the Jersey City fail- 
ure was prepared, information has been received from 
Mr. D. C. Cregier, of Chicago, to the effect that at the 
time of this accident its cause was assigned by some 
to the fall of the ice, and that the conical form of 
the structure was believed by some engineers to have 
had an important bearing, because of the greater ten- 
dency of ice to fall with the diameter of the stand- 
pipe increasing downward. 
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to 3-16 in., the bottom course being leaded into a 
segmental cast iron shoe which is set in a groove 
cut into the rock. The anchorage consists of twelve 
1%-in. iron rods riveted to the second course of 
plates and wedged and leaded 3 ft. deep into bed- 
rock. 

The high-pressure pipe originally had a thickness 
of % in. for the first 100 ft., 3-16 in. for the sec- 
ond 100 ft. and % in. for the remaining 29 ft. An 
accident which occurred to this inner stand-pipe 
is thus described in the Annual Report of the San- 
dusky Water Department for 1878: 

During a fire on the afternoon of the 20th of October, 
the fire pressure-pipe burst at a point 50 ft. below top 
of large tank. The reaction caused by the w.ater es- 
caping through the rupture buckled over the pipe and 
forced it against the side of the large tank with great 
violence, breaking it in a second place, bruising and 
otherwise injuring a section of about 25 ft. 

In repairing the damage caused by this accident, 
it was considered best to use %-in. plate, which re- 
quired the removal of the section of 3-16-in. plate 
below the point of rupture. According to the above 
authority, " as the pipe stands the shell has a 
thickness of i^ in. for the first 140 ft., 3-16 in. for 
60 ft. and % in. for the remaining 29 ft." 

It is a noteworthy fact that the Sandusky stand- 
pipe was a pioneer structure of its class, not only 
in the boldness of the design, but also in the char- 
acter of the requirements for plate-metal. In ref- 
erence to the latter, Mr. J. D. Cook, the engineer 
of the structure, says: 

The plates and rivet rods were manufactured with 
the greatest care and uniform fidelity by the Otis Iron 
& Steel Co., of Cleveland, O., and possessed a tensile 
strength (as shown by numerous and careful tests). 
**5°«?J^5«'*'®™ 67,000 to 85,000 lbs., with elastic limit 
of 30,000 to 45,000 lbs. per sq. in. of sectional area. 

No reference is above made to reduction of area 
or to elongation in the test specimens, but the 
range in tensile strength about corresponds to the 
grade of structural steel now designated " high 
steel." Although the ductile properties of the latter 



grade of steel are now regarded as too. low in the 
better practice of tank construction, the use of 
that or its equivalent grade at the date referred to 
was undoubtedly a step in advance. Under the 
strict system of inspection during construction it 
is improbable that seriously defective material or 
workmanship of any kind was admitted, and since 
the nominal working stress in the 3-16-in. plate in 
which the initial rupture took place was well with- 
in the limit of safety, it would seem that the ac- 
cident was due to some influence brought to bear 
after completion of the stand-pipe. 

The latter seems to have been the case, for it 
is credibly stated that previous to the accident of 
Oct. 20, 1878, above described, the inner pipe was 
inadvertently permitted to be empty while the an- 
nular space between the two shells was full of 
water (a condition against which the designer had 
expressly advised) ; this " caused its first collapse, 
buckling against the walls of the large pipe at 
opposite sides." 

The accident last above described was evidently 
the more critical of the two, for it not only ex- 
posed the greatest inherent weakness of the inner 
stand-pipe, but also probably developed the flaw 
to which the later failure was due. The contrast 
in the existing conditions in the two cases war- 
rants double mention in the classification. The 
exact date of the earlier accident was not available. 
It should be observed that the main outer shell sus- 
tained no damage in either case. 

References.— Sandusky Water Department Report. 
1878. Tenth Census, Vol. XVII., Water Supply ot 
Cities, D. 61. En/rineering News, Vol. XVI.. p. 316 
(Nov. 13. 1886). Sanltarv Engineer. Vol. XV.. pp. 
259-260 (Feb. 12, 1887). Manual of American Water- 
Works. 1889-'90. p. 381. Correspondence with the 
designing and consulting Engineer (1893). 

Cincinnati, O., June 29, 1881. 
The Price Hill tank at Cincinnati, O., burst at 
10:30 p. m. on June 29, 1881, while being filled for 
the first time. It wfts 100 ft, in diameter and 48 
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ft. high and its capacity to the proposed 46-ft, over- 
flow level was 2,700,000 gallons. The tank had 
been completed in the fall of 1880, but no test was 
put upon it until June 17, at which time water was 
first admitted. In the course of twelve days the 
water had reached a depth of 39% ft., when the 
initial rupture occurred at a point 12 ft. from the 
bottom of the tank. 

The tank consisted of twelve courses of plates, of 
4 ft. each, the thicknesses of which were: 

Bedplate, %. 
Thickness, Thickness, 

Course. ins. Course. ins. 

2.'.'/.\\'.'.\\\\V.\\ 9-16 6, 7 *.*.'.*.*.*.'.'.*.!'.! 5?6 

3 % 8tol2 ^ 

4...., 7-16 

Single lap-riveting was used in all horizontal 
seams and in the bedplate. The vertical joints 
were abutted, strapped and double-riveted in the 
lower six courses, and in the upper half they were 
double lap-riveted. The 4 x 6 x %-in. bottom angle 
joined the sides and the bedplate of the tank by 
one and two rows, respectively, of 15-16-in. rivets. 
Internal stiffening channels and angles were used 
in the upper courses, they having been added in a 
supplementary contract. 

The plate-metal was required to show by tests of 
samples from each plate a minimum tensile strength 
of 65,000 lbs. per sq. in., but no reference to ductility 
was made. All test pieces met requirements and 
the records show ultimate resistances of from 71,- 
000 to 90,000 lbs. Test pieces taken from the rup- 
tured plates af .er the accident showed an ultimate 
strength of from 70,120 to 75,200 lbs.; an elastic 
limit of from 39,727 to 44,300 lbs. per sq. in.; and 
a reduction in area of from 31.4 to 46.5%. 

The break started at the top edge of the third 
course at the junction of the abutting plates of the 
fourth course, and a fragment 48 ft. long by 24 
ft. high burst out and waa ]pr93e<jt^ed about 100. tt« 



The lines of fracture extended from this aperture 
through both solid plate and riveting, obliquely to 
the top and vertically downward to the bottom 
angle. The remainder of the side plates were torn 
loose from the bedplate, the line of rupture being 
along the bottom row of rivets in the %-in. plate, 
and were hurled in a connected mass about 150 
ft. in the opposite direction. In the judgment of 
Mr. A. 6. Moore, who took chrrge of the work as 
superintendent and engineer upon the completion 
of the eighth course, the accident was " due to 
Bessemer steel plates, which, although possessing 
high tensile and fair ductile properties, would not 
withstand the aggravation of the excessive and 
continuous distortions which were caused by the 
prevalent high winds during its construction, which 
extended through many months." 

References.— Cincinnati ** Commercial," June 30, 1881. 
Engineering News, Vol. VIII., pp. 278-9 (July 9, 1881). 
Van Nostrand's Engineering Magazine, Vol. XXV., 
pp. 330-2 (October, 1881). Cincinnati Water Depart- 
ment Report, 1881. Engineering & Building Record, 
Vol. XVn., pp. 289-90 (April 14, 1888). Proceedings 
American Water-Works Association, 1888, p. 106. En- 
gineering & Building Record, Vol. XVII., p. 337 (May 
12, 1888). Engineering News, Vol. XX.. p. 272 (October 
6, 1888). Manual American Water-Works, i889-'90, 
p. 364. Correspondence with Superintendent and Engi- 
neer Cincinnati Water- Works Department (1893). 

Lexington, Mo., June 22, 1885. 
The wrought iron stand-pipe at Lexington, Mo., 
fell on June 22, 1885, when full of water during its 
first test. The structure consisted of a tank 22 ft. 
in diameter by ICK) ft. high supported upon six 
columns 50 ft. high, making the total height 150 ft. 
These columns were cylindrical in form, made of 
boiler plate, the five outer ones being 36 ins. and 
the one center column being 42 ins. in diameter. 
They were tied together with 2-in. rods and the 
tank bottom rested upon an I-beam floor system. 
The foundation under each column consisted of a 
5 X 5 X 5-ft. concrete footing with a cap of soft 
stone. The inlet pipe was supported by connections 
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with one of the columns. The flange connection in 
the tank bottom leaked badly and it is believed 
that the water running down the column under- 
mined the insufficient footings. At the time of the 
accident no cause for it was made public, but in- 
formatioQ from a credible source establishes the 
fact that the failure was due to deficient founda- 
tions. The destruction of the stand-pipe was com- 
plete. 

Descriptions of this accident heretofore published 
seem to have been based upon the press account, 
which was grossly in error in several important 
particulars. 

References.— St. Louis "Globe Democrat," June 23, 

1885. Engineering News, Vol. XIII., p. 413 (June 27, 
1885). Proceedings American Water- Works Association, 
1888, p. 106. Engineering & Building Record, Vol. 
XVII., p. 337 (May 12. 1888). Engineering News, Vol. 
XX., p. 272 (Get. 6, 1888). Manual American Water 
Works, 1889-'90, p. 559. Correspondence with the con- 
tractor (1893). 

Caldwell, Kan., June 11, 1886. 
The 12xl50-ft. steel stand-pipe at Caldwell, 
Kan., while in course of construction, was blown 
down by a cyclone during the night of June 11, 

1886. The wind blew from the northwest and the 
guys giving way, the structure fell toward the 
southeast. No water had been pumped into it at 
the time of the accident. Although the structure 
partially collapsed in falling the damage to it was 
not serious. After cutting out the rivets and re- 
bending the plates the stand-pipe was rebuilt by 
using the same material. No indications of weak- 
ness have since been observed. 

References.— Proceedings American Water-Works As- 
sociation, 1888. p. 106. Engineering & Building 
Record, Vol. XVII., p. 337 (May 12, 1888). Engineering 
News, vol. XX., p. 272 (Oct. 6, 1888). Correspondence 
with the Superintendent Caldwell Water Co. (1893). 
Correspondence with the contractor (1893). 

Victoria, Tex., Aug. 20, 1886. 
On Aug. 20, 1886, during a severe hurricane, the 
upper portion of the 16 x 100-f t wrought iron stand- 
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pipe at Victoria, Tex., failed by collapsing. The 
structure was only partially full, the water level be- 
ing 30 ft. below the top at the time of the accident. 

The thickness of the plates was ^ in. for the 
first 70 ft. and 3-lS in. for the remaining 30 ft. 
Only the section of thin plate, which was empty, 
gave way and the collapse occurred on the wind- 
ward side of the structure. The top edge was 
stiffened by an angle iron and the stand-pipe was 
anchored to the foundation by means of brackets. 

This accident occurred on the second day of the 
great gulf coast storm of August, 18S6. No gaged 
observation of the velocity of the wind at Victoria 
was taken, but it was estimated at 80 miles per 
hour. The maximum gaged velocity at Galveston 
was 53 miles per hour, but at Indianola, which was 
almost totally destroyed, the velocity, at daylight 
on Aug. 20 had reached 72 miles per hour, when 
the signal station building blew down, killing the 
observer. At Seguin, Tex., not far from Victoria, 
the velocity was estimated at 85 miles, and at San 
Antonio, 80 mil-»s per hour. 

While at the time of this accident to the Victoria 
stand-pipe it was believed by some that the collapse 
had been largely due to the formation of a partial 
vacuum in the empty portion at the top, the fact 
that the yielding was on the windward side indi- 
cates that the cause is to be traced only to the di- 
rect impact of the wind. The empty portion swayed 
to and fro and vibrated very perceptibly before 
collapsing. The use of needlessly thin plates in 
the upper portion of the structure was plainly the 
chief cause of the failure, for the coincidence of an 
empty stand-pipe during a storm of unusual sever- 
ity should have been provided for as a probable 
critical condition. Fig. 1 is a front and Pig. 2 a 
side view of the collapsed structure. 

References.— U. S. Monthly Weather Review, August, 
1886, pp. 210-11. Scientific American. Vol. LV.. p. 
264 (Oct. 23, 1888). Sanitary Engineer, Vol. XIV.. 
p. 616 (Nov. 27, 1886). Proceedings American Water- 
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Works Association, 1888, p. 106. Engineering & Bniid- 
ing Kecord, Vol. XVII., p. 337 (May 12, 1888). En- 
gineering News, Vol. XX., p. 272 (Oct. 6, 1888). 

Graves-nd, N. Y., Oct. 7, 1886. 

The stand-pipe of the Kings County Water Sup- 
ply Co., located at Gravesend, L. I., burst at 1 
p. m., Oct. 7, 1886, while undergo-ng a preliminary 
test. In view of the numerous accounts of this ac- 
cident heretofore published, only the more im- 
portant features will be here presented. 

The Gravesend stand-pipe had a total height of 
250 ft., which made it the tallest structure of its 
class yet built. As usually described, it consisted 
of a lower and an upper cylinder, 16 x 70 ft. and 
8 X 155 ft., respectively, connected by a conical 
frustum 25 ft. in height. To be exact, however, it 
should be stated that the lowest section was also 
a conical frustum, having diameters of 16 ft. and 
14.4 ft. at the bottom and at the 70-ft. level, re- 
spectively; for it was spacified that " for the first 
70 ft. the course will be all inside, so at that height 
the diameter will be lessened by the thickness of 
the plates. In the taper, the course will be all in- 
side, and above that they will be large and small." 
A photographic view of the stand-pipe, taken dur- 
ing construction, plainly indicates that the plates 
were arranged as specified, causing the reduction 
in diameter above mentioned. Specal reference to / / 
this condition seems proper in connection with the . 
much-discussed upward thrust due to hydrostatic / 
pressure on the conical surface, which is generally 
believed to have led to the failure. The relative 
effect of this reduction in the bottom section, how- 
ever, was not great. 

It is stated that the stand-pipa had previously 
been filled, when the bedplate was observed to be 
slightly lifted up about the edges. To counteract 
this tendency, two sets of braces of 24 each were 
inserted, being attached to the second corns* of 
plates at 6 ft, and 8% ft. from the base, respective 
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ly. These braces were 2^x1 in. in section and 
were bolted to the bedplate and riveted to the sides, 
leaving about 1% sq. in. net section. 

At points 104 ft. and 224 ft., respectively, above 
the base, % x 8-in. welded collars were placed, from 
<^ach of which six 1-in. wire rope guys extended 
to anchors located 80 ft. and 150 ft., respectively, 
from the stand-pipe. A top angle, 3 x 3 x % in., was 
used and stiffening Ts were placed in the topmost 
five courses and at the two extremities of the mid- 
dle frustum. 

The plates consisted of ordinary tank steel and the 
only requirement specified was that " all plates 
will be steel, stamped 60,000 lbs. tensile strength." 
It is stated that a number of plates were rejected 
by the contractor as being defective, although sev- 
eral defects, whose existence must have been 
previously known, were found in the ruins. The 
thicknesses of the plates, of which there were 50 
5-ft. courses, were as follows, the bedplate having 

been % in. thick: 

Thick- Thick- 
ness, ness, 
Course. ins. Course. ins. 

1 % 27 to 33 % 

2 to 6 % 34 to 39 5-16 

7 to 20 % 40 to 45 % 

21 to 26 % 46 to 50 3-16 

The vertical joints were triple-riveted in the first 
eight courses and double-riveting was used in the 
remainder of the vertical as well as in all the hori- 
zontal seams. 

At the time of the accident pumping had been 
in progress two hours and the water had reached 
a height of 227 ft., giving a pressure of nearly 100 
lbs. per sq. in. at the base. Although it has been 
claimed that the initial rupture took place in a de- 
fective plate in the 14th course, the statement of 
eye-witnesses that the stand-pipe burst in one of 
the lower courses seems more credible. Assuming 
sucli to have been the case, the rupture seems to 
have been due to a local defect, since the unit 
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stresses were not dangerously large at any point 
A very plausible theory has been advanced which 
attributes the failure to the unequal distribution of 
the upward thrust among the inside braces and the 
rupture of one or more of them under an excess 
of strain. While ample provision for the upward 
tendency might have been made in the original 
plans, had consideration been given the matter, th? 
design as a whole has justly been pronounced ab- 
surd. 

References.— Enghieeiing News, Vol. XVI., pp. 255, 
264 (Oct. 16, 23, 1856). Sanitary Eng'.neer, Vol. 
XIV., pp. 494-6, 547 (Oct. 23, Nov. 6, 18S6). Scientific 
American, Vol. LV., pp. 399, 405 (Dec. 25, 1886). 
Proceedings American Water-Works Association, 1888, 
p. 106. Engineering & Building Record, Vol. XVII., 
p. 337 (May 12, 1888). Engineering News, Vol. XX., p. 
272 (Oct. 6, 1888). Journal New England Water- 
Works Association. 1S93. Engineering Record, Vol. 
XXVII., p. 216 (Feb. 11, 1893). Engineering News, Vol. 
XXIX., p. 243 (March 16, 1893). 

Kankakee, 111., Oct. 14, 1886. 
The 20 X 124-ft. wrought iron stand-pipe at Kan- 
kakee, 111., partially collapsed and then overturned 
during a gale of wind at 9 a. m., Oct. 14, 188(5. 
The tank was empty, having been completed only 
a week previous to the accident. The storm had 
begun early in the morning and rapidly increased 
in force until about the hour above mentionetl, 
when the stand-pipe was first observed to sway 
slightly, then to lift from the foundation, first on 
one side and then on the other. An attempt to 
tighten the anchor rods was without success. In 
the meantime the sides of the stand-pipe contracted 
and expanded under the action of the severe 
gusts, until the windward side collapsed, forming 
a pocket which extended downward about 25 ft. 
from the top. With this suddenly increased press- 
ure upon the collapsL^d top and the more and more 
violent blows upon the foundation due to the 
loosened anchor rods, a considerable section of the 
freshly constructed masonry crushed out on the 
leeward side, allowing the structure to fall in that 
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direction. The anchor rods on the windward side 

broke off, while the remainder straightened and 

pulled out of the masonry. 

The wrecked s!:and-pipe, a view of which is 

shown by Fig. 3, consisted of 31 courses of plate 

of 4 ft. each, the thicknesses of which were as 

follows: 

Thick- Thick- 

ness, ness, 

Courses. ins. Courses. ins. 

1 11-16 14 to 16 % 

2 to 4 % 17 to 19 5-16 

5 to 7 9-16 20 to 22 % 

8 to 10 % 23 to 25 316 

11 to 13 7-16 26 to 31 % 

Only the section of %-in. plate collaps3d previous 
to the fall of the stand-pipe. 

The top stiffening angle was 3x3xl^ in. and 
the bottom angle iron was 6 X 6 x ^^ in., the latter 
being single-riveted to the side plates, and double- 
riveted to the bedplate. All vertical joints were 
double and the horizontal joints were single-riveted, 
the sizes of the rivets being as follows: 

%-in. rivets in bottom angle-iron, 

% " *• *• courses 1-16, 

% ** '* " " 17-22, 

% " «• *• •« 23-25, 

5-16 in. •* " " 26-31. 

The riveting is said to have been " thoroughly " 
done and no charge has been made that material of 
inferior quality was used in the structure. 

The foundation was 21 ft. in top diameter and 7 
ft. deep, being composed of concrete and stone 
masonry. The anchorage consisted of six 1%-in. 
wrought iron rods, the upper ends of which passed 
through cast iron lugs secured to the middle of the 
second course of plates by six %-:n. rivets each. 
Each rod was adjustable by means of a nut above 
the lug, and its lower end, instead of passing verti- 
cally to a large washer beneath the foundation, 
merely reached 2 ft. deep into the masonry, where 
an additional 2 ft. of the rod, bent at right angL^s, 
constituted its sole anchorage. 
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The maximum velocity of the wind was esti- 
mated at 60 miles per hour, although the observed 
velocities at neighboring points were considerably 
less than that above stated. According to the U. S. 
"Monthly Weather Review," October, 1880, the 
storm in question was general in extent, originat- 
ing in Kansas and following a northeasterly course 
to the Gulf of St. Lawrence. The maximum 
measured velocities at various points were: 

Springfield, 111., 6 a. m., 34 miles per hour, 
Chicago, •* 1 p. m., 36 " 
Detroit, Mich., 3 p. m., 52 " 
Buffalo, N. Y., 8 p. m., 70 *• 

It is quite evident that the failure was in the 
main due to the grossly insufficient provision for 
anchorage, although without doubt the collapse in 
the thin top plates, the green condition of the 
masonry, and the absence of water in the stand- 
pipe also conspired materially to the same end. It 
would even appear, considering only the poor use 
that was made of the available anchorage, that 
the six rods were an afterthought, or if wind press- 
ure had received consideration at all in designing 
the structure, the very unsafe assumption of a full 
tank may have been made. At any rate ihe acci- 
dent is justly classed as due to errors of design 
rather than to defects in material or workmanship. 

Beferences.— Kankakee "Gazette," Oct. 15, 1886. En- 
gineering News, Vol. XVI., p. 287 (Oct. 30, 1886). 
Sanitary Engineer, Vol. XIV., p. 519 (Oct. 30, 1886). 
Scientific American, Vol. LV., p. 264 (Oct. 23, 1886). 
MontWy Weather Review, October, 1886, pp. 276-7. 
Sanitary Engineer, Vol. XV., p. 113 (Jan. 1, 1887). 
Report Illinois Society Engineers and Surveyors, 1887. 
p. 149. Proceedings American Water-Works Associa- 
tion, 1888, p. 106. Engineering and Building Record, 
Vol. XVII., p. 337 (May 12, 1888). Engineering News. 
Vol. XX., p. 272 (Oct. 6, 1888). Journal New England 
Water- Works Assjciation, 1893. Engineering Record 
Vol. XXVII., p. 216 (Feb. 11, 1893). Engineering News! 
Vol. XXIX., p. 243 (March 16, 1893). Correspondence 
with an eye-witness (1893). 

Asheville, N. C, March 28 (?), 1887. 
The steel stand-pipe at Asheville, N. C, having 
a diameter of 45 ft. and a height of 60 ft., partially 
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collapsed during a severe windstorm toward the 
close of March, 1887. The structure had just been 
completed, but had not been tested and put into 
service. 

The plates were ^4 in. thick in the upper 20 ft.. 
% in. in the middle 20 ft. and 7-16 in. thick in the 
lower 20 ft. The top angle was 3x3xy2 in. 

An eye-witness states that " a gale blew in and 
jammed the upper courses on the west side over 
against the opposite wall of plates. The builders 
secured an eyebolt to the indented portion of the 
pipe, and, with the aid of a windlass rigged on the 
slope of the hill, pulled the plates into shape ' as 
good as ever,' only a slight wrinkle remaining to 
show where the collapse had stopped." Unfor- 
tunately, no record of the velocity of the wind at 
the time of the failure is available. 

Considering the exposed location and the excep- 
tionally large diameter of the stand-pipe, the small 
provision for top stiffness forcibly suggests the 
cause of the collapse. 

(Note. — ^This stand-pipe failed entirely on Jan. 
22, 1893, which accident will be described in its 
proper order.) 

Kef erences.— Monthly Weather Review. March. 
1887, p. 89. Asheville "Citizen," Jan. 23. 1893. Corre- 
spondence with an eye-witness (1893). Correspondence 
with local authorities (1893). 

Plattsmouth, Neb., April 9, 1887. 

The 25 X 80-f t. steel stand-pipe at Plattsmouth, 
Neb., partially collapsed while empty during a 
severe windstorm on April 9, 1887. The stand- 
pipe had been in use but a short time and had been 
emptied on the morning of the above ment'o'ied 
date for the purpose of repairing a leak in the inlet 
pipe. The stand-pipe rests upon a concrete founda- 
tion located upon an eminence about 180 ft. above 
the Missouri River. The anchorage consisted of 
four 2-in. rods passing through the foundation and 
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riveted to the first coarse of plates. The thick- 
nesses of the plates were as follows: 

Thick- Thick- 
ness, ness. 
Courses. ins. Coorses. Ins. 

1 7-16 9, 10.. »-3i2 

2 13-32 11,12 % 

3,4 % 13,14 7-32 

5,6 11-32 15 to 20 3-16 

7, 8 5^6 

The top angle was 2x2 ins., punched for rivet- 
ing a cornice, which was not put on. 

The following description of the accident has been 
communicated by Mr. O. W. Paine, of Cleveland, 
O., who had charge of the construction of thf 
Plattsmouth water-works: 

At about 9 a. m. the pipe was empty and discoii- 
nected. A strong wind was blowing and increasing in 
force. Noticing that the pipe was swaying somewliat 
and the angle at the top bending, I directed the fore- 
man to fasten a rope to it as a guy. While this was 
being done one of the 2-in. anchor bolts broke (a flaw 
In the iron being noticed). The pipe swayed out of 
the perpendicular several feet and began rocking back 
and forth on its base. As soon as possible the rope 
guy was set up taut with pulley blocks and the rock- 
ing motion checked somewhat. 

As the wind increased in violence the angle at the 
top broke in several places, the windward and leeward 
sides approached each other frequently, and after a time 
oame nearly if not quite together. The diameter at 
right angles to the direction of the wind, of course, be- 
came considerably greater at such times. This bending 
or caving in of the pipe extended 13 courses from the 
top. At some risk a rope was made fast to the top of 
the pipe on the windward side and it was pulled out 
and held in place. As soon as repairs could be made 
to the inlet pipe water was pumped in and the stand- 
pipe was filled without any repairs. It leaked but very 
little, much less than many new pipes. A new and 
heavier angle was afterward put at the top and four- 
wire guys were put on. 

• 

No definite measurement of the maximum wind 
velocity was secured, as the wind gage at the Platts- 
mouth bridge was disabled during the same storm. 
The maximum velocity of the wind at Omaha, some 
20 miles up the river, as shown by the record of the 
self-registering gage at that place, was but 36 
miles per hour, but the extreme velocity at the 
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stand-pipe must have exceeded that figure consider- 
ably. It has been suggested that a measure of the 
maximum force of the wind may be found in the 
failure of the windward anchor bolt or in the tilt- 
ing of the empty tank on its leeward edge. Nothing 
positive can be based upon the bolt failure on ac- 
count of the flaw already mentioned, but a con- 
sideration of the force necessary to tilt the stand- 
pipe about its leeward edge indicates that the maxi- 
mum velocity was about 70 miles per hour. How- 
ever, the uncertainty of the extent to which the 
partial overturning may have been the result of 
accumulated force due to the coincidence of conse- 
cutive gusts and vibrations makes such an esti- 
mate quite unreliable. The latter fact leads to the 
conclusion that although stiffness in the upper por- 
tion of the structure was not liberally provided for, 
the causes leading to the final collapse are primar- 
ily traceable to the breakage of the anchor bolt and 
the consequent rocking to and fro on the founda- 
tion. 

References.— Proceedings American Water-Works As- 
sociation, 1888, p 106. Engineering and Building 
Record, Vol. XVII., p. 327 (May 12. 1888). Engineer- 
ing News, Vol. XX., p. 272 (Oct. 6, 1888). Correspond- 
ence in 1893 with: The designing engineer; the con- 
structing engineer; the wind gage observer, Platts- 
mouth, and with the forecast official, Omaha. 

Newport, Ark., May 19, 1887. 

On May 19, 1887, the elevated wooden tank of 
the Newport (Ark.) Water Co. burst when filled 
for the first time. The tank was 24 ft. in diam- 
eter by 20 ft. height of stave, and was supported 
by a timber frame 100 ft. high, making the total 
height 120 ft. The staves were of 3-in. cypress 
lumber, and the hoops, 13 in number, were 3^^ ins. 
wide with %-in. drawbolts. The accident was due 
to the failure of a hoop, probably from overstrain- 
ing it in an effort to stop leakage. Besides the en- 
tire destruction of the tank and frame, the pump 
house and a dwelling house were wrecked. 



23 

References.— I'roceedings American Water-Works As- 
sociation, 1888, p. 106; Engineering and Building 
Record. Vol. XVU., p. 337 (May 12, 1888). Engineer 
lug News, Vol. XX., p. 272 (Oct. 6, 1888). Correspona- 
ence with tlie president of the Newport Water Co 
(1803). 

Franlilin, Mass., Oct. 27, 1887. 

Tills stand-pipe, wliicli failed at 2:10 a. m., un 
Oct. 27, 1887, consisted of a wrought iron tank 
with a diameter of 40 ft. and a height of 35 ft. 
elevated upon a 45-ft. brick tower, making the 
total height 80 ft. The tank, as originally built, 
rested upon a rubble foundation at the surface of 
the hilltop, but in order to secure better fire service 
it had been raised upon the brick tower a few 
weeks previous to its fail. When the accident oc- 
curred the tank had 25 ft. of water in it and the 
pumps had been running for about eight hours at a 
uniform r^te. When the structure fell the press- 
ure at the pumping station dropped from 105 to 
GO lbs. per sq. in., which was accompanied by a 
terrific increase in the speed of the engine. 

The work of raising the tank had begun about 
eight weeks before the accident occurred. After 
emptying the tank, 18 recesses were cut into the 
circumference of the foundation far enough to per- 
mit that number of jacks to be placed under the 
nm of the tank bottom. After lifting the tank by 
means of these jacks and the use of blocking, to 
a height of 5 ft., a timber floor of 5^-in. hard pine 
planks, supported by a radial system of 16 9-in. 
I-beams was placed under the tank bottott. Twenty- 
three jacks were placed under a hexagonal timber 
framework, which supported the I-beams just in- 
side the outer brick wall. The outer wall was 16 
ins. and the inner wail 12 ins. thick. The mortar 
consisted of cement, lime and sand, the proportions 
of which are not recorded. Four weeks after start- 
ing the brickwork, the walls were completed to 
their final height, and only a few days elapsed 
until the tank was allowed to partially rest upon 
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them. When the structure fell the bottom of the 
tank sill had a bearing upon the blocking and the 
jacks. 

The tank was constructed with seven courses of 
wrought iron plates, of which the lower four were 
5-16 and the upper three courses were % in. thick. 
The bottom of the tank was % in. thick, and the 
bottom angle iron was 4 x 4 x % in. At the top was 
a 2-in. angle and midway of the height was placed 
on the inside a 3-in. T-iron stiffener. Single-rivet- 
ing was used throughout. 

The destruction of the tank was complete, but 
no evidence indicating a defective condition in it, 
previous to the accident, could be found. The main 
body of the side plates fell in an unrolled mass on 
the original foundation, and the bottom was torn 
into five fragments, which were projected to dis- 
tances of from 50 to 200 ft. in various- directions. 

The wrecked brickwork indicated very inferior 
quality, and it is believed that the failure was due 
solely to the weakness of the walls. It is stated 
that at least 50% of the bricks showed little or no 
adhesion of mortar. 

References.— Sanitary Engineer, Vol. XVI., pp. QH, 
643 (Nov. 19, 1887). Engineering News, Vol. XVllL. p. 
324 (Nov. 5, 1887). Proceedings American Water- Works 
Association, 1888, p. 106. Engineering and Building 
Record, Vol. XVII., p. 337 (May 12, 1888). Engineer- 
ing News, Vol. XX., p. 272 (Oct. 6, 1888). Journal New 
England Water- Works Association, 1893. Engineering 
Record, Vol. XXVII., p. 216 (Feb. 11, 1893). Engineer- 
ing News, Vol. XXIX., p. 243 (March 16, 1893). 

Seneca Falls, N. Y., Oct. 27, 1887. 
The steel stand-pipe at Seneca Falls, N. Y., 
failed by a rupture in one of the side plates at 3 
p. m. on Oct. 27, 1887. It had been in use since 
July 1 preceding, but had given no visible evidence 
of the defect which resulted in its destruction after 
only four months' actual service. The capacity 
of the stand-pipe was about 637,000 gallons and its 
height was 130 ft. The diameter at the bottom 
was 30 ft. and at the top 27 ft. 9 ins., the redue- 
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tion being made in the construction by placing each 
' successive cylinder inside the next lower one. There 

* were 30 courses of plate, of which the lower eight 

were % in. thick, the next eight % in., the next 
seven % in. and the upper seven were % in. thick. 
In the bedplate, thicknesses of % and % in. were 

j used, the thicker plates being placed about the cir- 

, cumference. 

t The riveting, which was done in a first-class man- 

ner, was double in the vertical and single in all 

p the horizontal seams. In the latter the pitch varied 

from 3 ins. in the thicker to 2*4 ins. in the thinner 

* plates; the double riveting was staggered with 3 

ins. between rivets in each row and the rows were 
3 ins. apart. All rivets were % in. diameter and 
the rivet holes were punched and not reamed. No 

k anchorage whatever was provided either in the form 

^^ of guys or anchor rods. 

The foundation was constructed of rubble masonry 
of very inferior quality. A pit about 2 ft. deep was 

 dug into the clay and, of three courses, only the 

top one was laid in mortar, Rosendale cement be- 

i ing used. The bottom of the tank was first laid 

directly on the top of the foundation without being 
bedded in mortar, but after four courses of plates 
had been riveted on, the tank was lifted and a 
layer of Rosendale cement mortar 3 ins. thick was 
put under the bedplate. 

[ Water was flowing over the top of the stand-pipe 

when the failure occurred. The first rupture seemed 
to take place on the northwest side about 8 ft. 
from the bottom. The lower 40 ft. was torn into 
a number of pieces, which were projected to con- 
siderable distances from the foundation. The top 
section of 90 ft. fell in a northwestward direction, 
being carried nearly 30 ft. clear of the foundation. 
Several defective plates were found in the ruins, 
one particularly defective fragment being thrown 
some distance westward from the upper section. 
The fractures in general indicated an inferior grad,» 
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of steel, marked brittleness being displayed; they 
also gave signs of the steel having been under- 
worked in the process of its manufacture. There 
were many cracks of a brittle character in the body 
of the plates, but fractures along rivet lines were 
more common. With a full tank the 15-16-in. rivet 
holes and the 3-in. pitch in the %-in. bottom course 
of plates gave the excessive strain of 23,000 lbs. 
per sq. in. in the net section and the rivet shear 
was 25,000 lbs. per sq. in. 

It should be observed that this stand-pipe was 
both designed and constructed without engineering 
advice of any sort and that no provision whatever 
was made for inspection of the structural materials. 
The cause of the failure has been assigned to a 
lack of uniformity in the quality of the steel and 
to the existence of flaws in the plates, but if con- 
sideration be given to the low margin of safety 
above mentioned the defective design should share 
the responsibility. 

References.— Sanitary Engineer, Vol. XVI., pp. 643, 
683 (Nov. 5. 12. 1887). Engineering News, Vol. XVHI., p. 
337 (Nov. 12, 1887). Proceedings American Water- Works 
Association, 1888, p. 106. Engineering & Building Kec- 
ord. Vol. XVn., p. 337 (May 12, 1888). Engineering 
News, Vol. XX., p. 272 (Oct. 6. 1888). Journal New 
England Water-Works Association, 1893. Engineering 
Record, Vol. XXVn., p. 216 ^eb. 11, 1803). Engineer- 
ing News, Vol. XXIX., p. 243 (March 16, 1893). 

Thomasville, Ga., Dec. 6, 1887. 

This stand-pipe, as first designed, was to consist 
of a 70-ft. brick tower supporting a wrought iron 
tank 25 ft. in diameter and 30 ft. high, the total 
height thus to be 100 ft. As planned and partly 
executed the brick tower consisted of an interior 
pier 6 ft. in diameter surrounded by an outer cir- 
cular wall having eight buttresses. The brickwork 
was nearing completion when some bracing that had 
been placed between the center pier and the outer 
wall was removed. The pier fell, carrying with 
it a section of the outer wall, including one of the 
buttresses, as shown in Fig. 4. It was first thought 
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that the accident was due solely to vibrations 
caused in hoisting brick to the top of the pier, but 
it was afterward found that there had been some 
inequality in the settlement of the foundations 
which may have had some influence in causing the 
failure. However, this inequality in settlement may 
have been one of the effects rather than a cause of 
the failure. The tank had not been erected at the 
time of the failure, and consequently the damage 
to property was limited to the brickwork itself. 
Four men, one of whom was the contractor, wer« 
killed and four others seriously injured in the acci- 
dent. 

References. — Engineering & Building Keeord, Vol. 
XVir., pp. 22, 40 (Dec. 10, 17, 1887). Engineering 
News, Vol. XVIII., p. 428 (Dec. 10, 1887). Proceed- 
ings American Water-Works Association, 1888, p. 106. 
Engineering & Building Record. Vol. XVII., p. 337 
(May 12, 1888). Engineering News, Vol. .XX., p. 272 
(Oct. 6, 1888). Manual American Water-Works, 1889- 
'90, p. 326. CJorrespondence with Water-Works Co., 
ThomaBville. 

Greencastle, Ind., Jan. 21, 1889. 

The 22 X 140-f t. wrought iron stand-pipe a t 
Greencastle, Ind., was damaged by falling ice Jan. 
21, 1889. Following a period of very cold weather 
the ice had been heard to fall in the stand-p'pi* 
and the next morning the pumps had been started 
slowly with a vi3w to loosening it. An un warranter! 
rise in the pressure, considering the speed of the 
pumps, caused some apprehension, so the stand-pipe 
was closed and water was pumped directly into 
the mains until the weather permitted the pipe to 
be drained. The drainage had not proceeded far 
when it was arrested by a loud report wh'ch indi- 
cated the danger in lowering the water before the 
ice had melted suflSciently to clear inside obstruc- 
tions. Upon removal of the manhole after the pipo 
was emptied it was found that the ladder which 
had been constructed upon the inside had been 
entirely broken down and the rivets holding it had 
been sheared off. No further damage could be dis 
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The quality of plate metal specified was ** steel, 
60,000 lbs. tensile strength, free from flaws and 
blisters," but no structural tests were called for or 
were made during construction of the stand-pipe. 

The lower third of the stand-pipe, consisting of 
the first eight courses of plate, was torn asunder 
and the larger portion of it, clinging together, was 
thrown in a distorted mass about 60 ft. to the east- 
ward; several pieces were projected to considerable 
distances in other directions, and a few fragments 
of the first course of plates held fast to the bottom 
angle. A section consisting of nearly the entire 
upper two-thirds of the stand-pipe fell to the west- 
ward, clearing the foundation and collapsing upon 
striking the ground. Figs. 5 to 8, inclusive, are 
views of various parts of the pipe. 

The line of fracture around the base occurred 
either in the bend of the bottom angle or in the 
%-in. side sheets along the upper line of the lower 
double row of riveting, mainly the latter. Most 
of the breaks in the angle itself appeared to have 
been caused by impact from falling plates, as shown 
by the crushed and brightened metal. Although 
the bedplate was thus somewhat protected, it did 
not entirely escape damage, for several distinct in- 
dentures and one large gash were produced in it, 
the latter being especially conspicuous. This in- 
cision was located near the southeast edge, as 
shown in Fig. 8, and extended through the bedplate 
and into the concrete to a depth suflScient to allow 
a considerable block of the latter to be washed out. 
After a careful search the particular plate which 
thus punctured the bedplate was found near the 
southeastern outskirts of the ruins, its identifica- 
tion being based upon the bruised and rolled -up 
edge covered with particles of concrete. Although 
the exposed edges of the foundation were much 
crushed and scoured, the original layer of cement 
mortar upon which the bedplate had been set was 
not appreciably disturbed, for even the bearing of 
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the outer circle of rivets remained firm. The aDChor 
rods were bent down radially, several of them 
breaking in the threaded portion. 

The lines of fracture and general behavior of the 
lower and thicker plates indicated a distinctly brit- 
tle and almost crystalline character, although the 
numerous curled and rolled-up edges to be observed 
in the ruins of many of the thinner plates plainly 
suggested their ability to stand a severe cold bend 
test. The riveting, which in general seemed to 
have been fairly well done, revealed its weakest 
feature in the excessive length of single riveting 
which failed by rivet shear. The rupture of double- 
riveted joints occurred mainly along the reduced 
plate section. No well-defined flaws or defects were 
found, except a narrow line of rust, discovered 
within a few hours after the failure, along the 
outer edge of the otherwise bright fracture in the 
lowest course at the bottom angle. This fact is of 
interest in connection with certain loud snapping 
sounds which had been heard coming from the 
stand-pipe after it was filled. 

It is credibly stated that this stand-pipe was 
originally designed and the plates punched for uso 
at another point, the original plan, however, call- 
ing for a height of 110, instead of 120 ft., and tha: 
upon deciding to ship the plates to Temple, Tex., 
two courses (10 ft.) of *' tank steel " were added at 
the bottom. 

The failure was at first popularly ascribed to the 
malicious use of dynamite on account of the in- 
cision in the bedplate, but this theory ceased to 
be entertained with the discovery of the cutting 
edge above mentioned. Prof. J. B. Johnson, who 
personally investigated the failure and subsequently 
made tests of the steel plates, thus refers to the 
quality of metal in the two lower courses: 

The tensile strength was 75,000 lbs.; but they were 
so brittle that when the 2^-in. wide test specimens, 
which were sheared off the sheets and slightly bent in 
the shearing were straightened in the rolls, several of 
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them broke short off, uke cast Iron. The computed 
stress per square inch of net section in a bottom ring 
yerticai seam was only about 17,000 lbs. when it failed. 

Since sheets possessing qualities such as those 
above described could not, with reason, be ex- 
pected to pass through the process of punching and 
bending without damage to the metal, the failure 
seems plainly due to defects originating in this 
manner. While, as already stated, no structural 
tests were required, the working and punching of 
the plates *must, of necessity, have revealed the 
dangerous qualities above mentioned, which should 
have led to their rejection. The projection of the 
lower portion to the eastward and the toppling of 
the upper section to the westward indicate that the 
initial rupture occurred upon the latter side of the 
stand-pipe* 

References.— The Temple "Sun,** Oct. 25 1890. Engi- 
neering News, Vol. XXIV., p. 385 (Nov. 1. 1890). Sci- 
entific American, Vol. LXIIL, p. 353 (Dec. 6, 1890). 
Engineering News, Vol. XXV., p. 351 (April 11, 1891). 
Correspondence with the engineer who investigated ac- 
cident (1893). Personal examination (Oct. 26, 1890). 

Defiance, O., Feb. 8, 1891. 

(On Feb. 8, 1891, some seven weeks before the 
final failure of the Defiance stand-pipe, described 
below, ice was blown over its top when the pumps 
were suddenly started. A description of this acci- 
dent and of the damage sustained to an already de- 
fective plate near the base is given in connection 
with the record of the final failure, which occurred 
on March 29, 1891.) 

Stevens Point, Wis., March 13, 1891. 
Ice fell in the 20 x 140-f t. wrought iron stand- 

• Since the above was put In type, a careful chemical 
analysis of a sample, secured by the writer In person, 
from the first course of plates of the Temple stand- 
pipe has been made by Mr. A. H. Wlhlte, of the Chemi- 
cal Department, University of Illinois. Four tests for 
phosphorus by two methods gave results ranging from 
0.152% to 0.158%, averagtog 0.155%. This clearly 
stamps the "tank*^* steel used In the two lower courses 
as **hlgh phosphorus'* and accounts for the objection- 
able physical nualities above descrtbed. 
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pipe at Stevens' Point, Wis., on March 13, 1891, 
I and caused a plate in the 18th course from the bot- 

tom to bulge seriously in its upper right-hand cor- 
ner. The damage also extended to the breaking of 
rivets in the adjoining vertical and horizontal 
seams, and the plate immediately above was 
cracked along a line of rivets, while the seam to 
the right was spread apart. The damaged plates 
' were % in. thick The daily pumpage at the time of 

I the accident was about 200,000 gallons. 

This stand-pipe was constructed of wrought iron 
plate, tested to 48,000 lbs. tensile strength; the 
thicknesses for various heights were as follows: 

i Height, Thickness, Height, Thickness, 

I feet. inches. feet. inches. 

I to 20 10-16 SOtolOO e-l« 

20 to 40. 9-16 100 to 120 5-16 

40 to 60 8-16 120tol40 4-16 

60 to 80 7-16 

The riveting in the lower 80 ft. is double and in 
the upper 60 ft. is single. The anchorage is pro- 
vided for by bolts attached to plate brackets. 
The foundation rests upon a granite ledge and has 
diameters of 44 and 30 ft. at the bottom and top, 
respectively; the depth is 16 ft., of which the lower 
8 ft. is concrete and the upper half is granite 
rubble. The angle iron at the top of the structure 
is 3 X 3-in., placed upon the inside. 

The accompanying view, Fig. 9, shows the method 
of repairing the damaged portion of the stand-pipe. 
The details were planned and executed by Mr. W. 
O. Lamoreux, Superintendent of the Stevens' Point 
Water Co., through whose courtesy the view and 
the following description were obtained: 

We built a swinging scaffold or staging which we 
hoisted to the break, 85 ft. (this was, of course, sus- 
pended from the top of the pipe), and put a 5 x 5-ft. 
patch on after cutting out the inlured portion. The 
lioles were punched and the plate bolted on with one 
man inside; the next thing was to heat the rivets out- 
side, pass them through a hole (prepared for the pur- 
pose, and afterward tapped and plugged) to the man 
Inside, who Immediately put them In the rivet holes 
and held them ^or two boiler aia^e;-^ to rivet aown, 
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after which we pumped the man liuside to the surface 
and he came down the ladder. The job was a h ac- 
cess, and cost but $275. 

This accident, while apparently of trivial im- 
portance, is in reality worthy of the closest study 
along the following lines: 

(1) The cause is known with certainty to have 
been the fall upon the water of a quantity of ice 
which had been lifted to and lodged against the 
top angle iron. 

(2) The conditions of weather had been as fol- 
lows: A protracted cold period, during which a 
wall of ice nearly the entire height of the stand- 
pipe had formed, succeeding which came a rise in 
temperature of sufficient extent and duration to 
thaw the huge tube of ice free from the wrought 
iron shell, and to allow it to rise against and 
slightly above the top angle iron; then a sudden 
freeze occurred which caused the ice to adhere to 
and remain suspended by the top angle until a sec- 
ond very rapid rise of temperature loosened the 
grip above and allowed the ice to fall. 

(3) The necessity for extraordinary caution in 
the use of the stand-pipe during such a critical 
period. 

(4) The structural metal was wrought iron. 

(5) In view of the dangerous practice of using 
stand-pipes which are known to have di^fective 
plates, the exceedingly cheap and effective method 
of repairs adopted at Stevens* Point deserves ex- 
tended notice and use. 

It is of further interest in this connection to no 
tice that the unusually heavy ice formation in tlie 
Stevens Point stand-pipe, due to its exposed loca 
tion, had afforded an experience from which obser- 
vations of much value may be drawn. Durinj; mid- 
winter ice forms from the bottom up, to a thick- 
ness of 2 to 3 ft., according to the severity of the 
winter, and in the milder seasons the ice tube often 
melts away at the base to a height of some 40 
ft, under the action of the water before breaking 
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up. Previous to the accident above described, the 
ice had frequently become lodged on the angle iron 
at the top and had fallen, but no damage resulted 
because of the slight fall. Since the accident, how- 
ever, a repetition has been prevented by constantly 
keeping the water level well up at such times, this 
being " the only safe procedure after the ice is 
loosened from the pipe." The free movement of the 
ice after melting loose is seriously interfered with 
by the angle iron at the top rim being placed in- 
side, but upon several occasions the melting has 
been sufficient to allow the great tube of ice to 
pass the angle iron and to protrude as much as 20 
ft. above the top of the stand-pipe. 

Another source of trouble has been found in the 
frequent formation of an air tight cap of ice, re- 
quiring extreme caution in starting the pumps so 
as to force an opening gradually, aud in case of a 
fire or other heavy demand upon the gravity supply, 
the pressure has been found to fall very rapidly. 
At such times a distinct whistling sound, due to 
the rapid passage of air through a small opening 
in the ice-cap has often been heard. 

References.— Engineering Record, Vol. XXIII, pp. 
288 (April 4, 1891). Correspondence with the superin- 
tendent of the Stevens Point Water Co. (1893). 

Defiance, O., March 29, 1891. 

The 22 X 140-ft. steel stand-pipe at Defiance, O., 
burst at 12:10 p. m., March 29, 1891. At the time 
of the failure the gage indicated a height of 139 
ft. of water in the pipe and the pumps were run- 
ning. Two defects in a plate of the second course 
were known to exist before the stand-pipe burst. 
The first of these, consisting of a crack between 
two vertical rows of rivets, developed when the 
stand-pipe was filled the first time after its com- 
pletion in January, 1889, more than two years 
previous to the final failure. Sediment soon stopped 
the leakage from this crack and nothing was done 
toward removing or reinforcing the defective part. 

Some sereft wee}^s previous to the date upou 
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which the stand-pipe burst, on the morning of 
Feb. 8, the indicated water level being 60 ft., the 
pumps were started. An explosion followed and 
large quantities of ice were projected to a height 
of 10 ft. above the top, accompanied by a violent 
rocking of the stand-pipe and a contraction in the 
second course of plates. A careful examination 
showed a second crack in the opposite end of the 
defective plate, above mentioned. This second de- 
fect started in a rivet hole at the upper edge of 
the plate and was about 6 ins. long. As in the prev- 
ious instance, no action was taken either to repair 
the damage or to stop the use of the stand-pipe 
until made safe. At ^he time this phenomenon oc- 
curred inquiry was made into the probable cause 
and it was quite generally believed that the ice had 
been projected over the top of the stand-pipe from 
a considerable' distance below. Experience else- 
where, however, suggests that a sheet of ice had 
formed near the top, and that a thaw had allowed 
the ice to rise against, and perhaps slightly above, 
the top angle, to which it froze, forming an air tight 
cap. The thawing weather weakened this cap, 
which probably gave way upward owing to the 
rapid increase of air pressure from below due to 
the pumping, producing the explosive sound heard 
at the time. The impact caused by a portion of the 
mass of ice striking the water surface would have 
caused the vibration. 

The final failure, which occurred after three 
hours' of continuous pumping, when the stand-pipe 
was practically full, seems to have been due to the 
cracked plate in the second course. This and the 
first course of plates were torn into several frag- 
ments and projected considerable distances. The 
upper portion fell clear of the foundation, and the 
bedplate was moved 15 ins. No crystallization was 
visible in the plate fractures and most of the lines 
of rupture were in the solid plate. Very few rivets 
were pulled out and nonfe were sheared. 

The steel plates varied in thickness from % in. 
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in the bottom course to ^ in. in the top course, de- 
creasing 1-16 in. for each 20 ft. The foundn'"ion 
was of stone masonry 40 ft. in diameter and 15 
ft. deep, and the anchorage consisted of eight 2-in. 
bolts secured to plate brackets. 

Ice having a thickness as great as 18 ins. was 
found in the ruins, but it is supposed to have been 
floating freely in the stand-pipe, as the weather 
had been quite warm for several days. Although 
the second flaw was developed by the ice, as above 
described, the existence of a previous crack fixes 
much of the cause of the accident upon the defective 
steel plate. However, the real responsibility for 
the failure lies in the negligent policy which per- 
mitted the use of a structure known to be in a 
critically dangerous condition. 

References.— Engineering Record, Yal. XXIII., pp. 
288, 309-10 (April 4, 11, 1891). Engineering News, Vol. 
XXV., pp. 313, 343 (April 4, 11, 1801). Journal New 
Bnglana Water- Works Association, 1893. Engiueenng 
Record, Vol. XXVII^ p. 216 (Feb. 11, 1893). Engineer- 
lug News, Vol XXIX., p. 243 (March 16, 1893). 

Nappanee, Ind., Aug. 25, 1892. 

A wooden water-works tank 24 ft. in diameter 
and 20 ft. high, supported upon a 70-ft. timber 
frame, burst during test at Nappanee, Ind., Aug. 
25, 1892. The failure is supposed to have been 
due to overstraining the wrought iron hoops, inas- 
much as the accident occurred immediately after 
the contractor had tightened the hoops to stop the 
leakage. The tank and supporting frame were de- 
stroyed. 

Beferencea.— Engineering News, Vol. XXVin., pp. 193, 
251 (Sept. 1, 15, 1892). Correspondence witn local au- 
thorities, Nappanee (1893). 

Wheatland, la., Jan. 16, 1893. 
An elevated wooden tank, 20x20 ft., burst on 
Jan. 16, 1893, at Wheatland, la. It was built of 
pine staves and the hoops are said to have been of 
wrought iron. Although the tank had been com- 
pleted about two months it had not been accepted 
from the contractor. It was about two-thirds full 
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of water and contained a small quantity of ice at 
the time of the accident. 

Tlie cause of the failure is stated to have been 
the overstraining of the hoops in an effort to stop 
the leakage. It is probable, however, that the 
prevailing low temperature had some influence upon 
the metal of the hoops. 

References.— Engineering News, Vol. XXIX., p 73 
(Jan. 26, 189®. Engineering Record, Vol. XXVIL, p. 
171 (Jan. 28, 18d3). Correspondence with local authori- 
ties (18»3). 

Asheville, N. C, Jan. 22, 1893. 

(Note.— See description of the partial collapse of the 
Asheville stand-pipe which occurred during a wind- 
storm In March, 1887.) 

The steel stand-pipe at Asheville, N. C, burst and 
fell early on the morning of Jan. 22, 1893. It had 
for some time been used only to hold a reserve 
supply for fire service, and at the time of its failure 
contained about 45 ft. of water. A period of un- 
usually cold weather had caused a tube of ice hav- 
ing a thickness of 7 or 8 ins. to form inside the 
stand-pipe, but a few days immediately preceding 
the accident the weather had been somewhat 
warmer. During the colder period above men- 
tioned, persons in the vicinity heard loud cracking 
sounds which seemed to originate in the stand-pipe. 
These signs caused much apprehension because of 
a break which had developed about two years be- 
fore in the bottom angle, but which had not been re- 
enforced in any manner, the only action taken be- 
ing to drop bags of sand into the stand-pipe to stop 
the leakage. The night of the failure was marked 
by a considerable reduction of temperature. 

The diameter of the stand-pipe was 45 ft.; the 
height, 60 ft.; the bedplate was % in. thick and the 
side plates, consisting of 12 courses of 5 ft. each, 
had thicknesses as follows: 

Thickness. Thickness, 

Courses. Ins. Courses. ing. 

1 to 4 7-ld 9 to 12 14 

6 to 8 % ^ 

The angle joining the bedplate to the first course 
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was 4x4x% in. and the top stiffening angle was 
3 X 3 X % in., placed inside. The stand-pipe rested 
upon a stone foundation and its capacity was 
713,000 gallons. 

Almost the entire stand-pipe clung together and 
fell in a flattened niass to the southward, as shown 
in Pigs. 10 and 11, clearing the foundation about 
10 ft. The west half of the upper six courses was 
doubled under, but otherwise the plates were spread 
out in a single layer. The principal line of fracture 
could be traced passing from a point at the base on 
the northwest, spirally upward to the right, to a 
point near the southeast at the top; the fracture 
about the base occurred mainly in the bend of the 
angle. Aside from the crack in the bottom angle 
above mentioned, nothing resembling a flaw could 
be found in the ruins. However, the fact that the 
structure toppled and fell directly to the south- 
ward suggests that the initial rupture occurred upon 
that side. 

The cause of this accident has been ascribed to 
the formation of ice in the stand-pipe, but the ex- 
istence of a grossly neglected flaw should bear at 
least an equal share of the responsibility; for, al- 
though simple hydrostatic pressure might have been 
withstood through an indefinite period, it is also 
true that the conditions of weather attending the 
failure were not unusually severe. A careful con- 
sideration of all features of the case suggests the 
following explanation: 

The relatively constant stage of water in the 
stand-pipe due to its restriction to the demands of 
fire service would allow the ice to form a tube 
having an equal thickness from tlie base to the 
level of the water. During the few warmer days 
preceding the accident, the heat of the sun must 
have caused the ice to melt more or less where it 
came in contact with the metal shell on the south 
half of the stand-pipe, and as the junction of the 
ice with the bedplate was doubtless watertight, for 
the reason above stated, the water trickling down 



would fill the melted space to a level of probably 
nine-tenths of the total height of the ice tube. With 
the fall in temperature on the night of the failure, 
ine pocket of water would pcobably re-freeze at 
.ne top first, after which the remaining water, be- 
ing confined, would develop enormous energy, re- 
gaining its liquid form except as available spact 
•ras gained by compressing the ice tube or eitena- 
ing the plates of the Btand-pipe, as in the tamihac 



boint>-8hell experiment. Simuttaueously with the 
Ahove. the fulling temperature would tend more sun 
more to contract the metal shell unUl, at the cold- 
.'St hour of the iitght, the elimas wan reached in 
the failure of Ihf structure. Whether the initial 
rupture occurred in liflinir the stand-pipe by breas 
mg the bottom angle or in the failure of a vertical 
riveted joint. Is uncertain, but the latter would 
leera the more probable. In either case, however, 
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assuming the above theory to be correct, the struc- 
ture might have been expected to fail on itfi south side. 
It is credibly stated that the stage of water in 
the tank was habitually so low that the plates vi- 
brated with more or less violence under the action 
of the strong winds, resulting, as was supposed by 
some, in the injury to the bottom angle already 
mentioned as having occurred some two years prev- 
ious to the final disaster. In order to reduce this 
vibratory tendency guys were added at that time, 
and, although the water level continued low, the 
trouble from the wind, above mentioned, is said 
to have been reduced. 

References.— AshevUle "Oitizen," Jan. 23, 1893. Bn- 
gineering News, Vol. XXIX., p. 73 (Jan. 26, 18^). Eu- 
gineering Record, Vol. XXYII., p. 191 (Feb. 4, 1893). 
Oorrespondence with the city engineer ana with tbe 
local authorities of Asheville (1893). 

Maryville, Mo., Feb. 28, 1893. 

On Feb. 28, 1893, at 12:10 p. m., the 18% X 
135-ft. steel stand-pipe at Maryville, Mo., burst and 
fell. The severe weather during a few weeks pre- 
ceding the accident had caused the formation within 
the stand-pipe of an immense body of ice in the 
form of a tube, the thickness of whose walls ranged 
from 21^ ft. at the bottom to 4 ft. near the top. 
The accumulation was greatest some 30 ft. from 
the top, at about the average line of the daily 
fluctuations in the water-level. The temperature, 
which had risen some 60° several days previous, 
fell suddenly on the evening preceding the ac- 
cident to -1-8** F., but rose again so rapidly during 
the morning of the day of the accident that thaw- 
ing was in progress before noon-time. The water 
level at the time of the failure was said to be 100 
ft. above the base, which was equivalent to about 
85,000 gallons, the average reduced diameter being 
taken at 12 ft. It was estimated that a fresh sup- 
ply of 80,000 to 100,000 gallons per day was 
pumped into the stand-pipe, which was believed to 
be sufficient to prevent freezing on the water sur- 



face. However, pumping was not in progress at 
the tinio of the failure. 

The stand-pipe was constructed of "best quality" 
steel plates varying in thickness from 13-16 to 5-16 
in. It was anchored to a substantial foundation by 
means of eight pairs of 2-in. bolts attached to 
plate brackets which reached to the top of the 
second course of plates. The 10-in. inlet pipe was 
located on the south side. Having been completed 
in July, 1886, six winters, more or less severe in 
character, had been passed through without the 
development of visible signs of weakness. 

After the failure, the foundation and the bed- 
plate, with a portion of the three lower courses and 
the attached anchorage, as is rather dimly shown 
in the view, Pig. 12, were found undisturbed. The 
remainder of the stand-pipe separated into two 
portions, as shown in Fig. 12, a lower section of 
50 ft. being carried 100 ft. northward, and the 
upper 85 ft. falling to the southward after first 
striking the undisturbed fragment of the lower 
plates. The lower section was split in a nearly 
vertical line from end to end upon what had been 
the south side of the stand-pipe, and the lower 
plates of the longer section were torn and bent by 
the force of the fall. Wherever brackets were torn 
away the anchor bolts were sheared off and the 
inlet pipe with its connections, weighing a half ton, 
wUs projected 100 ft. southward, partly demolish- 
ing a building. 

As to the method and cause of the failure, noth- 
ing definite was agreed upon at the time, except 
that the existence of the ice in the stand-pipe had, 
in some unknown manner, led to its destruction. 
However, a careful study of all available facts and 
a comparison with previous accidents occurring 
under similar conditions suggest the following ex- 
planations: 

During the formation of the ice walls the thick- 
ness was doubtless greater upon the north than 
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upon the south side of the stand-pipe, and this dif- 
ference in thickness was probably materially in- 
creased during the several days of higher tem- 
perature which preceded the accident. Moreover, 
during the latter period the influx of freshly pumped 
water must have melted the ice for some distance 
above the base, and it is not improbable that the 
entire body of ice had been thawed loose from the 
metal shell through the influence of the solar heat, 
so that with the stand-pipe nearly or quite full, the 
mass of ice would be buoyed up against or per- 
haps slightly above the top stiffening angle. With 
these conditions existing on the evening preceding 
the failure, the small consumption of water during 
the night might easily have permitted the ice-tube 
to freeze fast in the above described position with 
the excessive fall in temperature. The melting 
loose under the reversed conditions of the follow- 
ing morning was a natural consequence, and, had 
the stand-pipe been full or nearly so, no signs of 
it would have been revealed. However, if the en- 
ormous energy stored in the suspended mass of ice 
(weighing probably not far from 1,000,000 lbs.) be 
considered in connection with the height of the 
water at the time of the accident (about 35 ft. be- 
low the top), the strains due to the fall above de- 
scribed would seem amply severe to cause the de- 
struction of the stand-pipe. The initial rupture 
upon the south side might have been due either to 
the decreased thickness of the ice or to the blow- 
ing out of the inlet pipe connection. 

This accident strikingly develops the fact that 
no positive assurance of immunity from ice ac- 
cidents exists in the mere survival of any number 
of severe winters, but that the real danger occurs 
with the succession of extreme conditions about as 
above described, in connection with a stand-pipe 
partly empty at the critical moment. 

(Since writing the above discussion of cause, care- 
ful consideration has been given to the excess in 
the rate of expansion of ice over that of steel, but 
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a more thorough inquiry into the local tempera- 
ture records at and immediately preceding the time 
of the Maryville accident fails to disclose a range 
of temperature sufficient to warrant the acceptance 
of the heat expansion theory in this case. The ad- 
ditional facts thus collected are in full accord with 
the theory of falling ice as above advanced. 

The investigation above referred to has developed 
some interesting points concerning the possible 
strains in the inclosing metal shell due to the ex- 
pansion of the ice tube. These points will be given 
in the final discussion in connection with a brief 
summary of the several ways in which ice may be 
a source of danger to stand-pipes.) 

References.— Maryville "Democrat," Feb. 28, 1893. 
Engineering News, Vol. XXIX., pp. 217, 294(March y, 
30, 1893). Engineering Record, Vol. XXVn., p. 353 
(April 1, 1893). Correspondence with the superintend- 
ent of the Maryville Water Co. (1893). Correspondence 
in 1894 with: The Chief of the Weather Bureau, Wash- 
ington. D. C. ; local observers at Clarinda, la., and at 
Columbia, Carrollton, Gallatin, Bethany, Conception 
and Pickering, Mo. (the last two being within a few 
miles of Maryville). 
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East Providence, R. I., Sept. 7, 1893. 

The 40xl20-ft. steel stand-pipe at Bast Provi- 
dence, R. I., collapsed in the upper 35 ft. of its 
height during a severe gale about 7:00 p. m., Sept, 7, 
1893, bending as shown by Fig. 13. As planned its 
height was to be 125 ft., but at the time of the ac- 
cident the topmost course of plates with its stif- 
fening angle was lacking. On Aug. 29, about a 
week preceding ,the accident, a severe wind storm 
struck the stand-pipe before the 24th course of 
plates was entirely completed, during which the 
top of the structure swayed violently in and out, 
and the empty stand-pipe was lifted % in. or more 
from the foundation on the windward side. How- 
ever, upon pumping it full of water no damage was 
observed and it was again emptied, in which con- 
dition the collapse took place as above mentioned 
during the most severe portion of the later storm, 
which resembled a cyclone. The excellent quality 



of the material aad workmanship was gtriklogly 
displayed wbeD. Dpon the day following the ac- 
cident, the stand-pipe was again pumped full and 
the Indented portion waa sprang into shape. A 



8inj;le leak was found at Ihe lower extremity of the 
bent plates, being due to a few strained rivets 
which were replaced, leaving the structare ap- 
parently "ai good as new." 
The nnusnallf large diameter of this stand-pipe, 
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considering its height, makes its general constrttc- 
tion, as shown by the specifications, particularly in- 
teresting. 

The finished stand-pipe was to have 25 courses of 
plates, each 5 ft. in height. The thicknesses were 
to be as follows: 

Thickness, Thickness, 

Oourse. inches. Course. inches. 

1 1 9-32 9 % 

2 1 3-16 10 n-i« 

3 1 5-32 11 % 

4 1 1-16 12... 9-16 

5 1 13 and 14 % 

6 15-16 15 and 16 7-16 

7 % 17 to 20 inclusive. . . % 

8 13-16 21to25incluslye... 5-16 

The bed-plate was % in. thick and 41^4 ft. in 
diameter, formed of radial strips. The* 19-32-in. 
bottom course was secured to the bed-plate by a 
6 X 6-in. angle, double riyeted with 1-in. livets spaced 
2% ins. between rivets and 2^ ins. between rows. 
Triple riveting with 1%-in. rivets and 8-in. laps was 
used in the first five horizontal and vertical seams; 
double riveting was .used in the next ten horizontal 
and in the remaining vertical seams; and the last 
five horizontal seams were single riveted. The 
stand-pipe was erected by using inside staging. 

The record from the self registering anemometer 
at Providence, about the time of the accident, in- 
dicates a maximum velocity of close to 38 miles 
per hour, and the extreme velocity recorded else- 
where during the same storm was somewhat above 
40 miles per hour; but it is probable that the actual 
ultimate velocity during the most violent portion of 
the storm reached a considerably higher figure than 
indicated by the records above quoted. During 
the severe wind storm several days preceding the 
collapsar the estimated velocity of the wind when 
the stand-pipe was slightly lifted on the windward 
side was 60 miles per hour, which may with reason 
be assumed as the probable extreme velocity dur- 
ing the later storm. It is, however, important to 
observe that the collapse was perhaps directly due 



54 

less to the actual maximum force of the storm than 
to the coincidence of successive gusts of wind with 
the vibrations of the sides of the empty tank. 

References.— Engineering News, Vol. XXX., pp. 205, 
237 (Sept. 14, 21, 1893). Engineering Record, Vol. 
XXVm., p. 298 (Oct. 7, 1893). Correspondence with 
the city engineer. Providence. R. I., and with the chief 
of the Weather Bureau (1893). Engineering News, Vol. 
XXXI., p. 76 (Jan. 25, 1894). Engineering Record, Vol. 
XXIX., p. 135 (Jan. 27, 1894). 

East Providence, R. I., Jan. 19, 1894 
The 40xl25-ft. steel stand-pipe at East Provi- 
dence, whose collapse during a severe wind storm 
on Sept. 7, 1893, was described just above, burst at 
7:50 p. m. on Jan. 19, 1894, at which time it is said 
to have contained less than 100 ft. of water. 

As stated in the foregoing description of the first 
accident, the damage resulting from the collapse 
was supposed to have been slight, being confined 
apparently to the wrinkles in the plates at the lower 
limit of the collapsed portion. After considerable 
effort by the contractor, the wrinkles were so much 
reduced as to be scarcely perceptible when the 
water level was above them; but upon lowering the 
water to the 85-ft. level the dent in the plates be- 
came so distinct that the local authorities would 
not accept the structure from the contractor, and 
finally it became necessary to suspend operations 
on account of the cold weather. Previous to the 
latter, however, the sub-contractor for the roof and 
balcony had proceeded with and completed his 
work, although the floating staging, consisting of 
timber and barrels, which had been used by him in 
erecting the roof, had not been removed from the 
stand-pipe at the time of its final failure. For some 
time prior to Jan. 14, about one week previous to 
the failure, there had been no communication with 
the mains, but on that date the valve was opened 
by the contractor after cutting the ice on the sur- 
face of the water loose from the walls of the stand- 
pipe. This communication with the mains was not 
disturbed up to the time of the failure, when, as 
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already stated, the water level is said to have been 
less than 100 ft. above the base. 

The ruins of the wrecked stand-pipe are thus de- 
scribed by Mr. 6. H. Leland, Assistant to the De- 
signing and Consulting Engineer: 

From general appearances it seems the pipe first 
burst at a point 55 ft. above the bottom on the south- 
west side. The first ten bottom courses on the same 
side were rent asunder and were unrolled and carried 
a distance of 150 ft. to the northeast with the lowest 
course farthest away from the foundation and outside 
uppermost. One large section of the bottom course 
was hurled over a pile of earth, some 10 or 12 ft. high, 
without even scratching the earth. 

The upper 75 ft. appear to have dropped perpendicu- 
larly just south of the foundation and then toppled 
over to the south. The roof lies all within the pipe, 
with the peak lying diagonally down, excepting one 
dormer window, which was hurled to one side. • •  
The foundation of the pipe, which was laid up in Port- 
land cement, remains intact. The bottom of the stand- 
pipe remains on the foundation, but with the edges 
torn and twisted.  •  The heavy steel plates that 
composed the lower courses are bent, twisted and torn 
into innumerable shapes and sizes, but the triple- 
riveted Joints remain firm and solid; in one or two 
cases, however, the double-riveted Joints pulled apart 
instead of tearing the plates.  • • The fractures 
and flexures of the steel plates show an excellent qual- 
ity of material. 

The sketch plan, Fig. 14, w&b prepared at the 
ruins by Prof. J. M. Porter, of Lafayette College, 
Easton, Pa. It is slightly in error in that the 
length of the piece marked T should be 125 ft. 
instead of 95 ft. on the edge nearest the founda- 
tion, although the more distant edge had the 
length shown in the plan. Prof. Porter agrees with 
Mr. Leland in locating the point of initial rupture 
on the southwest side of the stand-pipe, a conclu- 
sion which eeems to be confirmed by an examina- 
tion of the plan of the ruins given* in Fig 14, for 
it is seen that the major portion of the ruptured 
lower section was projected to the northeast and 
that the upper portion of the stand-pipe fell to the 
southward. 

However, the above-mentioned authorities do not 
agree as to the height above the base of the stand- 
pipe at which the first break occurred, .for, as 
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above quoted, Mr. Leland is of the opinion that the 
first rupture took place at a point about 55 ft. 
above the base, in support of which he refers to 
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FIG. 14. SKETCH PLAN OF WRECKKD STAND-PIPE 
AT EAST PROVIDENCE, R. I. 

the photographic view, Fig. 15, of Piece T, and 
calls particular attention to Point A, which was 
originally located in the 11th course on the south- 
west side, as follows: 
This place presents the appearance of having re- 
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celved a terrific concussion of some kind from tlie in- 
si-de. Tlie fractures of the plates at this point radiate 
In all directions, with the edges rolled outward. 

The statement by Prof. Porter, accompanying his 

fiketch plan, was as follows: 

Tho initial rupture evidently occurred in the lower 
45 ft., about 18 ft. southwest of the manhole, near S, 
Fig. 14, probably in the second ring. These lower 
rings, being torn free from the top rings and the %-in. 
angle connecting them to the bottom, were straight- 
ened out and carried away with their thicker courses 
in advance. The portion P, striking a small rise in 
the ground, separated from- T, and was found inside 
up 75 ft. to the west of the foundation, with its edge 
marked 7 buried in the ground. Thds fragment, P, 
composed a portion of the five bottom rings, and con- 
tains the manhole originally at M. The Portion T is 
nearly nine rings wide, and approximately 95 ft. long. 
It was found about 120 ft. north of the base, outside 
up, with Its thicker courses to the north, as shown In 
the view. Pig. 16. This portion is by far the largest 
of 'tihe fragments. FartJier north were found smaller 
fragments of the bottom ring. Portions T, P, S, to- 
gether with other small and shattered fragments, once 
formed about the nine lower rings, or 45 ft. Points 
2 of P and T were found to coincide exactly. The 
small fragment, S, found near the masonry, gave in- 
dications of having simply fallen over. It comprls«»d 
a portion of the first and second rings. Points 1 of 
S and P fit perfectly, as do Points 3 of S and T. 
Point 5 of S gave conclusive evidence of having re- 
ceived a hard blow from 5 of R, Pig. 14, but not until 
S had fallen past a horizontal position. As most of 
the fractured rings were thrown to the north by the 
reaction of the water, it was but natural that the re- 
maining top rings should fall to the south; such was 
the case, as shown by the diagram, Portion B. The 
conical roof, made of iron, was found badJy bent, but 
without many fractures, inside the pipe at 6 of R. 
The top of the north end of R was opened up and laid 
outside up, as shown on the diagram and in Fig. 16. 

The followiag extract from a statement by Mr. 
S. M. Gray, M. Am. Soc. C. E., designer of the 
East Providence stand-pipe, is of much interest, in 
that it bears upon the quality of the design and ma- 
terial: 

The stand-pipe was designed to have a factor of 
safety of very nearly, six for the lower rings or courses, 
five for the middle, and four for the upper rings. No 
ring liad a factor of safety less than four. In short, 
the stand-pipe was built to stand the strain of static 
pressure from four to six times greater than it would 
be normally subjected to. . . . The specifica- 
tions call for American rolled steel which would stand 



60.000 H>9. tensile strain to the sq. In. The metal was 
very unllbrm In strengtb, as was shown b; teals made 
from siuiiples taktii (roui gome fi>rtr sheets splwteil 
at raiidinu. The lenet tensile atreueth of ntiy snei'l- 
nien was B»,r>40 lbs. to the Bq. In., ttie sreati^st beiiic 
ft4.»<0, Ills averflRe belog upward of 62,ffll0 Ihn. tu the 
s.]. 111. . . . There is uo evliipiice to sliow that the 
B^fldinit was due to poor tnaterlal or Inferior work- 
uiunslilp. Oil the poiitrarj', botli material nud w<>rk- 
uiariHhlp ai>|)ear to have beeu exielleiit. 

It has been chitrged that tho cemoiit Ihm] tmiJer 
the bottom of the tatik was lieficit-iLt about the 
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edgps, but Mr. Lcland shows in Fig. 17 the de- 
tails of the top of the foundation, and stntps that 
the bedplate had a firm bearing throiicbout, il 
having been intended to pwnt up around the bnsi' 
After the stand-pipe bad been filled nu<1 liiid 
found its bearing in the bed of dry eenipnl and sniid. 

In addition to the above, the following statement 
from the same anthority is of much interest, in Ibat 
it suggests the most plausible theory for the fa-lure 
of the stand-pipe: 

Large Mocks of Ice Tie strewn around In varlona 
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directions, varying in thickness from 3 to 18 ins. 
Several large rectangular blocks of ice 2 to 3 ft. square 
and 3 ins. in thickness were found with the imprint of 
the rivet heads, showing that the ice was formed more 
or lesjs to the inside of the pipe, to just what extent it 
is impossible to state. 

From information obtained through another 
source, it seems that rattling sounds were heard 
within the stand-pipe upon the day preceding the 
accident, but no opinions as to the probable cause, 
either of the sounds or the failure itself, have been 
advanced. It therefore becomes necessary to care- 
fully consider all facts bearing upon that point; 
and inasmuch as the quality of plate-metal as in- 
dicated by the results of both accidents, seems to 
have been of unusual excellence, any reasonable 
theory must account for the existence of extra- 
ordinarily severe conditions. 

At first thought it would appear that the failure 
was in some manner the result of the earlier ac- 
cident, but it is observed that the 35-ft. portion at 
the top, which had previously collapsed, was en- 
tirely included within the 75-ft. section which top- 
pled to the southward aftei; the lower ten courses 
had burst. It is, nevertheless, not impossible that 
the plate-metal, even though exceptionally superior 
in quality, might have been damaged or over- 
strained at some point below the collapsed portion 
during the period of excessive vibration which ac- 
companied and preceded the first accident. How- 
ever, admitting the existence of such defects, it is 
difficult, if indeed possible, to explain how such a 
cause, acting singly, could have produced the dis- 
astrous results; although there is reason to con- 
clude that such defects, if any existed, may have 
had an important auxiliary influence when acting 
in connection with other elements. 

The wide variation in the thickness of the ice 
found in the ruins, indicates that the ice tube which 
formed, during the period of cold weather while 
communication with the mains was cut off, was 
eccentric in shape, having a thickness of ISi^ins. on 
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the northern side and of only 3 ins. on the southern 
or southwestern side, where the action of the sun 
was greatest. (In proof of the latter idea, reference 
is made to Eng. News, Vol. XXVII., p. 347 (April 
9, 1892), which describes the construction of a 30 x 
100-ft. stand-pipe by the floating derrick system in 
a western city. The stand-pipe proper had been 
completed and it was intended to rivet on the stair- 
way brackets by gradually lowering the float, "but 
it was found that a ring of ice had formed inside 
the stand-pipe, 18 ins. thick on the north side, but 
only 2 ins. thick on the south side where it was 
exposed to the sun.") The tube of ice in the East 
Providence stand-pipe doubtless formed against the 
interior cylindrical surface up to the stationary 
level of the water and it would seem that the con- 
nection of the ice with the bed-plate was water- 
tight. Assuming such to have been the case and 
that the action of the sun upon the south or south- 
west side of the stand-pipe had formed a film or 
pocket of water between the metal and ice shells 
upon that side, it is only necessary to have had a 
freezing temperature in order to subject the stand- 
pipe to strains probably more severe than may be 
otherwise possible, unliss, perhaps, it be those 
which are produced by the fall of a large body of 
ice through a considerable distance. Inasmuch as 
the latter was impossible under the existing cir- 
cumstances the former is here advanced as the 
most probable explanation of the failure. It may 
properly be added that according to this theory the 
pocket, and consequently the initial rupture, would 
naturally occur on the south or southwest side of 
the stand-pipe, and that rupture might take place 
at almost any point in the lower nine-tenths of the 
height of the ice tube, the strain required to pro- 
duce rupture growing less, of course, with the de- 
crease in the thickness of the plates. Thus, it will 
be seen that if the initial rupture took place at a 
point 55 ft. above the base as above suggested, the 
pocket of confined but unfrozen water probably ex- 
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isted there, and the failure originated in a plate har- 
ing a thickness of % in. It is, furthermore, of im- .^j 
portance to observe that the formation of such ,? 
pockets is probable only when the ice tube extends t 
to a tight connection with the bed-plate, which I 
latter condition may rarely if ever be found to * 
exist except when the stage of the water remains /^ 
constant for some time during freezing weather, 
such for instance as was the case of the Ashe- 
ville stand-pipe. In proof of the fact that the force 
generated in the manner above indicated would be 
suflficient to cause plate fracture, reference may be 
made to the well-known "bomb-shell" experiments 
or to the various evidences in nature of the power- 
ful action of frost. 

Since writing the above discussion, extracts from 
the local meteorological record have been obtained 
through the courtesy of Mr. J. Herbert Shedd, 
City Engineer of Providence, R. I. Although the 
temperature, cloud and wind records for Jan. 19, 
and for a day or two previous, are not distinctly 
those above assumed, it is not necessary, for 
that reason alone, to abandon the theory above ad- 
vanced; for it seems entirely within reason that 
with steel having the excellent qualities previously 
exhibited by the plates in the upper iK>rtion of the 
stand-pipe, it would be possible that the expansive 
force might have been acting intermittently, 
or perhaps continuously, through a considerable 
period of time, and that on the evening of Jan. 
19, when the temperature was at, or slightly be- 
low, freezing, the contractive tendency of the al- 
ready strained plates, acting in conjunction with 
the above-mentioned expansive force of the con- 
fined water pocket, caused the initial rupture on 
the southwest side. 

While Point A, shown in Fig. 15, and which, 
it should have been stated, is at the southeast cor- 
ner of the large fragment, T, in Fig. 14, presents 
striking proof of the action of a concentrated 
force, such as that above accounted for, it seems 
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prdbable that rupture may have taken place al- 
most simultaneously along the element of the 
t cylinder, and it is undoubtedly true that the in- 
terval of time within which the lines of rupture 
passed through the demolished lower portion must 
I have been exceedingly small. 

* References.— Engineering News, Vol. XXXI., pp. 76, 

112, 16(), 180, 202 (Jail. 25, Feb. 8 and 22, March 1 

V and 8, 1894). Engineering Record, Vol. XXIX.. p. 135 

i .(Jan. 27, 1894). Correspondence wltli tlie city engi- 

' neer, Providence, R. I. (1894). 

Peoria, 111., March 30, 1894. 

> The 25 X 120-ft. steel and wrought iron stand- 

pipe, located on the "west bluff" at Peoria, 111., 
burst and fell at 10:20 a. m., March 30, 1894. 
One person, a boy, was crushed under a falling 
plate, and 15 other persons were more or less 

* injured; the damage to surrounding property was 

extensive. 

A very complete survey of the premises was 
made immediately after the failure occuri^ed, under 
the direction of Mr. J. A. Harman, City Engineer 
of Peoria. The inset sheet here given, contain- 
ing the survey sheet. Pig. 18, and the photogi iphic 
views. Figs. 19 to 25, originally appeared in En- 
gineering News of April 2G, 1894, in connection 
with an admirable report upon the failure by Mr. 
Harman. This report being of much interest, and 
also the most complete of the kind yet made, it is 
here quoted in full*: 

Previous to the failure, small leaks at various joints 
In the lower six or eight courses had been noticred. 
and on the morning of the failure worltmen were sent 
to repair these leaks. The stand-pipe had about 105 
ft. depth of wiater at the time, and was connected to 
the supply system by a 16-in. main through its bot- 
tom, and was in service at the time of the failure. 
QSie day was bright and clear, and a strong breeze 

 A valuable Illustrated report on this accident by 
Mr. Dabney H. Maury, Jr., Superintendent of the Peoria 
Water Co., Is given in Appendix II. Mr. Maury's report 
had not been made pulblic, for reasons stated in the Ap- 
pendix, when Profe.seor Pence prepared his account of 
the Peoria failure.— Publishers. 
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was blowing from the west. A bollermaker was calk- 
ing a leaky? joint at the top of the first or bottom 
course on the north side of the stand-pipe when the 
failure occurred. 

From a careful study of the wreck, on the ground, 
and of the plan and photc^raphs, the following con- 
clusions have been reached: 

The first rupture wias near the point which was be- 
ing calked, at the top of the first course at the north 
side of the stand-pipe, near a vertical Joint in the sec- 
ond course, which is located at the northwest corner 
of the east course of the piece designated as No. 4 on 
the plan shown by Fig. 18. The fracture went 
nearly vertically through the bottom eleven courses. 
From the point of initial rupture the fracture coursed 
downward through the first course and reached the 
bottom toward the west, about 8 ft. from the north 
point. The bottom three courses and part of the 
fourth, Piece No. 24, were swung around to the west 
and torn off from the body of the tank a little east 
of the south point, and were thrown a little west of 
the south, striking and completelv wreckintg a cottage 
which was 78 ft. distant from the stand-pipe. In so 
doing it pulled out a number of the anchor bolts on 
the west side. The breaking and dislodging of the cop- 
ing stone clearly show that Piece No. 24 ripped off 
and swung around to the south. Its position on the 
ground also gives that conicluuion. Piece No. 24 is 
42 ft. long, and contains over half of the bottom three 
courses of the circumference of the stand-pipe, the re- 
maining portion of these courses being In sheets, 
IMeces Nos. 4, 17 and 20, and Simaller detached frag- 
ments. 

The bottom of the stand-pipe remains in position, 
with the first course showing a ragged edge, broken 
off at some places along the top of the base angles, at 
others running a foot or more above, and at still 
others tearing the rivets out of the base angles. 

After the bottom three courses had been torn out 
on all except the southeast sdde, the stand-pipe fell 
toward the north, the northeast corner of Piece No. 3, 
Fig. 25 on the inset sheet, and the west comer of 
Piece No. 12, striking on the bottom, the former cut- 
ting the two easterly gashes, the latter the two west- 
erly, leaving the 11 x 16-in. piece of plate stuck fast 
in the bottom. These points of Pieces Nos. 3 and 12 
were directly over thp cuts in the bottom, and No. 3 
is badly cracked and battered at its northeast corner, 
while the west corner of No. 12 is bent and broken off, 
a portion of it being irregular and bent fragments, 
marked No.s. 29 and 3<), lying under Piece No. 12. 

After Pieces Nos. 3 and 12 struck the foundation,, No. 
3 apparentlj' broke loose from the body of the <»tand- 
pipo. leaving a great gap, having taken out a large 
portion of (bourses 4, 5, 6 and 7 on the northeast. The 
tendency of the tank was then to fall nearly east, 
which was augmenteil by the strong breeze from the 
west, and this, together with the holding of Piece No. 
24, and the first anchor shown on the plan east of the 
south point of the foundation, gave it a rotary motion 
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through an arc of approximately 100''. Almost simul- 
taneously Sheets Nos. 12 and 26 were detached from 
the upper portion, malting, in fact, a second rupture, 
which Included Courses 4, 5 and 6, and that portion of 
Courses 1, 2 and 3 shown In Piece No. 26, the latter 
piece belne shown in the view. Fig. 23. 

After Piece No. 3 had blown out, the stand-pipe 
struck again on Its end. as is shown byi the badly 
battered condition at the southwest corner of Piece 
No. 2. Figs. 19, 20 and 21. 

The peculiar position of Piece No. 26, the upper 
courses being inside up and the lower courses with the 
manhole being outside up, with a sharp bend at the 
south, would Indicate that the fracture here was 
earliest In the upper or fifth course on the southeast 
side; and also tnat before that portion was broken 
loose at the base, the top had bent down, or that the 
small Dortlon then remaining Intact bent Inward when 
the tank settled, and when broken and carried out at 
the bottom by water the weight of the sheet and press- 
ure of the water completed the bending. 

The large pieces of the bottom courses 'being, almost 
without exiceptlon, pointed a/way from the stand-pipe 
and outside up, indicate that, as a rule, the earliest 
breaks horizontally were In the bottom course. 

When the tank fell, nearly all of the steel sheets 
were cracked at the south side, where the tank Is 
flattened, but the top six courses of %-ln. wrought iron 
and the next two courses of steel are not thus cracked. 

The fractures of all the steel plates, from the thick- 
est to the thinnest, had practically the same appear- 
ance, many of these being comparatively very smooth 
or crystalline, while the breaks In the wrought iron 
sheets at the top, and the angles at top and bottom, 
are quite fifbrous. 

The photographs from which the views were repro- 
duced were made by Mr. W. C. Parmley, Assistant 
City Engineer, and I also wish to acknowledge the 
valuable assistance and suggestions of Mr. W. C. 
Evans, of Harman & Evans, and Mr. A. D. Thomp- 
60U, Assistant Citv Engineer, who conducted the sur- 
vejB and prepared the plan. 

The following additional information relative to 
the views on the inset acoompanied Mr. Harman's 
report: 

In Fig. 20 the point of view was 20 ft. west of the 
northwest corner of the main body of Piece No. 2 
The coil of steel shown in Fig. 21 is inside of Piece 
No. 2, and was rolled up from the under sldo. In Fig. 
22 the cracks are on the south side of the pipe as it 
lies wpon the ground. •Similar cracks occur In all the 
courses up to and iincluding the eixteenth ifrom the bot- 
tom. The eight upper courses did not breiak. A 2-ft. 
rule is shown In the foreground of this view. The boy 
was killed under the farther edge of the plate shown 
In Fig. 25. 



08 

The view, Fig. 26, looking northeast, shows the 
base and foundation of the staud-pii)e and the 
location of the inlet. The child in the foreground 
was rescued uninjured from the cottage, which 
was wrecked by the large piece, No. 24. The 
portion of the pipe shown partially straightened 
out at the left of this view is the seventh course. 
Fig. 27 shows the stand-pipe above the lower and 
shattered courses, looking a little south of east, 
with the foundations in the distance. The blocking 
was used to raise the wreck in the search for 
bodies. 

The following remarks concerning the Peoria 
stand-pipe and its failure were communicated to 
Engineering News of May 10, 1894, by Mr. W. C. 
Parmley, Assistant City Engineer: 

(1) On Jan. 5, 1894, by observations with a transit 
instrument, I found that tbe tower leaned some 3 or 
4 Ins. toward the northeast. People living in the 
neighborhood testify that when filled the water always 
ran over on the northeast side. 

(2) The wind from the southwest, according to my 
estimate at the time, was blowing about 30 miles an 
hour. Possibly this is a high estimate, but I feel 
certain the velocity was aibove 20 mdles per hour. The 
temperature In the shade was about 58", and in the 
sun about GQ'* F., the sun being dimmed by thin, hazy 
clouds. 

(3) The failure occurred Immediately after the pipe 
had been subjected to vibrations caused by work- 
men calking joints. 

(4) In all cases the failure of the steel was short and 
brittle. In many places It cracked In a manner re- 
minding one of broken plate glass. The fractures were 
always crystalline, usually of rather fine structure, in 
some cases resemblinig that of drill steel. Numerous 
checks and cracks radiate from the rivet-holes, show- 
ing that the metal was too brittle to be punched with- 
out Injury. 

(5) The fractures were as often through the solid 
plate as along the riveted seams, and rivets were 
sheared in only a few instances. , 

The ice which formed in the stand-pipe during 
the winter season preceding the failure must 
have melted entirely during the period of warm 
weather which prevailed early in the month of 
Mait^, for none was found in the ruins. It is 
true, lioweTer, that the week preceding the fail 
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ure had bern remarkable for its fluctuations of 
temperature. Tbe local oHical record shows thnt 
B, minimum tcmpMnturo of 13° F. had Ijeeu 
reached within a period of fiTe days, and that a 
temperature of 18° P. was observed on the day 
before the failure. In more exposed locations in 
that Tieiiiity teuiperaturefi below 10° F. were ob- 
seiTi-d during two or tlirey niglitH iu sueeesHiiin, 



PIG. 27. FLATTENED I 

PIPE. 

and it is stated that Ice to the thickness of 1^ ins. 
formed during the nlRht of March 24, 

Mr. Cheater B. Davis, the engineer who de- 
signed the structure, after making a thorough 
Investigation of the ruins, reached the following 
conclusion : 

A careful atuily nt relative positions of the pieces, ua 
tbey now lie, of the condition and position of the holil- 
Ing-dowu bolts, Che effects of tbe water snd other facts 
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bearing upon It. shows that the rupture began on the 
north side of the to^er, at or near a seam between 
the first and second courses, and its joint between two 
second course plates, and from there it tore upward to 
the right and to the left. 

Mr. D. H. Maury, Jr., Superintendent of the 
Peoria Water Co., states that there had been a 
slight leak or discoloration about 35 ft. from the 
base on the northwest side of the stand-pipe, and 
that when the men were sent to repair the leaks 
on the imorning of the disaster, it was found 
sufficient to paint over the spot referred to. This 
joint and the plates around it were found iatact 
and unbroken in the ruins, so that it was know;n 
that the fault was not at that point. 

The thicknesses and kinds of plates are given 
in Fig. 18, and the fallowing is quoted from the 
specifications as communicated by their author 
to Engineering News of April 5, 1894: 

The metal of the plates must be of a soft, homoge- 
neous steel, unless otherwise specified, possessing a 
maximum tensile strength of 66,000 lbs. and minimum 
tensile strength of 55,000 lbs. per sq. In., and be of- 
ficially and legally stamped; must be smooth, truly and 
evenly rolled, and uniform In size, and sufllciently 
ductile to admit of rolling while cold around a radius 
of 20 Ins., without developing flaws, cracks, splits, or 
any other features which would render them unfit for 
the work in the opinion of the engineer. The plates 
will be Inspected by the engineer, upon notification, be- 
fore being put Into the pipe and before painting, and 
all improper plates will be rejected. 

Where iron plates are specified the Iron must be 
best quality tank iron, having a tensile strength of 
48,000 I'bs. per sq. in. Test pieces of the plate will 
bo made and broken by the contractor in the presence 
of the engineer when he may desire, and at no extra 
expense to the punchaser. . . . Burden's *^best- 
best" rivets must be used for the whole work. . . . 
Lay all holes out carefully and accurately and punch 
with a center punch, sharp and in perfect order, from 
the surface to be in contact and so that the bevel of 
the hole may be away from the surface In contact. 

Plates showing any indication of hardness or brittle- 
ness may be annealed after punching, or rejected, at 
the option of the engineer. Plates having ragged 
holes or holes so much out of place as to require the 
use of the drlft-pln will be rejected. All plates must 
be planed to a slight bevel in a machine, and be care- 
fully calked with a round-oiosed tool and made per- 
fectly tight. Lay all the work out so that each Jolikt 
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will come halfway between those of the next course. 
Where three plates join, the overlap Is to be neatly 
scarfed down while hot. Heat rivets uniformly and 
carefully, and never set one when colder than red-hot. 
The riveting must be done in a neat and workman- 
like manner. . . . After dnspectlon, whlcb will be 
at the shop, each sheet imuat be cleaned and painted 
with, or dipped into a bath of, hot asphaltum, and 
before being placed in the stand-pipe. There must be 
no paint on surface in contact. After testing, the 
work will be given two coats aMihaltum or lead in 
oil, to suit the engineer. . . . The etand-piipe will 
be tested before receiving the final coats of asphaltum, 
by being filled with water and by being allowed to 
remain full for such time as the engineer may deem 
necessary to satisfy himfielf that the work i€ water- 
Ught. 

Mr. Eugene Carroll had direct charge of the con- 
struction of the stand-pipe. Prof. J. B. Johnson, of 
St. Louis, Mo., acted as consulting engineer for the 
city of Peoria when the water-worka were ap- 
proved in June, 1892, although the stand-pipes 
having then been in service for more than two 
years, it was, of course, impossible to judge of the 
quality of the structural material. 

A strip of steel cut for the coroner from a 
fragment of the first course attached to the base 
angle on the west side of the stand-pipe was sent 
to Robert W. Hunt & Co., of Chicago, which 
firm, under date of April 12, 1894, submitted the 
results of physical and chemical tests of the sam- 
ple, as given in the accompanying table. 

For the purpose of applying a cold bend and 
punching test to the metal. Prof. J. B. Johnson on 
April 28, 1894, requested through the editor of the 
Peoria "Journal" that a sample from a fractured 
lower ring plate be sent to him, and as a matter 
of convenience the piece was cut out adjoining 
the vertical strip removed by the coroner, the 
tests Off which are given above. Professor John- 
son thus comments upon the test made by him: 

I punched it and bent it cold, both in the body of 
the specimen and also across the punched hole, while 
this metal is not the best the market affords, it is 
not so inferior as to seem tx> explain the cause of the 
failure. 
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Physical and Chemical Tests of Steel from the 
Wrecked Peoria S'tand-'Plpe. 

Physical test of steel. 

Original dimensions, ins. 2.00 x 0.760 

Dimensions after fracture, Ins 1.005 x 0.629 

Original area, sq. ins 1.52 

Fractured area, sq. ins 1.0571 

Elastic limit, lbs., actual 57,970 

Maxiimum load, lbs., actual 92,960 

Elongation in 8 Ins., ins 1.89 

Elastic limit per sq. in., lbs 38,138 

Maximum load per sq. in., lbs 61,150 

Per cent, elongation in S ins 23.6 

Per cent, reduction of area 29.8 

Character of fracture Laminated 

Chemical test of steel. 

Drillings taken from "side", of piece: 

Per cent. 

Carbon by comtbustion 0.124 

Silicon 0.011 

Sulphur 0.046 

Phosphorus 0.133 

Manganese 0.42 

Drillings taken from "end" of piece: 

Canbon bji combustion 0.136 

Silicon , 0.003 

Sulphur 0.049 

I'ftiosphorus 0.130 

Manganese 0.42 

In reference to the coroner's tests of the metal, 
he adds: 

Both the physical and chemical tests are also fairly 
satisfactory, so that none of these tests are sufficient 
to explain the accident. 

An inspection of the bent sample above referred 
to (made by the writer through the courtesy of the 
editor of the above-named local journal) shows that 
the strip was % x 2x 12 ins. It had bent through 
an angle of about 144**, on a curve having a radius 
about equal to the thickness of the sample, before 
the exterior fibers parted, and apparently the bend 
across the %-in. hole, punched near one end, had 
reached an angle of about 8° before fracture began 
at the edge of the hole. 

While it was, of course, entirely just to test 
samples from an undisturlbed plate, it should be 
remarked that the qualities displayed by the sam- 
ples taken from the west side of the structure are 
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not conclusive as to those which might have been 
shown by the metal near the north point, where, 
as already stated, it seems that initial rapture took 
place. The writer has seen the result of a careful 
analysis of steel borings taken from an exception- 
ally brittle and crystalline fragment of small size 
from the first and second courses, and found in the 
western portion of the ruins at a point indicating 
that its original position had been in the northwest 
quadrant of the stand-pipe. This analysis showed 
phosphorus 0.162%, the other elements being about 
as found in the coroner's test above quoted. No 
physical test of this piece was made because it 
broke short off in the attempt to cut out a sample 
strip. 

The determination of the point of initial rupture, 
and of the action of the several parts of the fract- 
ured metal shell, forms a very interesting problem, 
and reliable conclusions upon those points may 
often require much investigation and the closest 
study. However, such matters should not be per- 
mitted to obscure the one important question of 
"cause of failure," and their consideration should 
be given prominence only for the distinct purpose 
of throwing light upon the more essential point. 
The conclusion that the initial rupture took place 
near the north point is doubtless the correct one, 
since it was reached by both of the authorities 
above quoted after several days* study of the ruins. 
This opinion, it will be el>servtMl, is oonfimned by 
the fact that the largest fragment of the lower 
portion of the stand-pipe, piece No. 24, Fig. 18, 
was carried to the southward by the reaction of 
the escaping water. The general scarcity of 
fragments to the due north, and the presence there 
of the small piece. No. 11, which was projected 
a distance of 201 ft. in a direction just opposite 
that of piece No. 24, also indicate the truth of the 
above conclusion. Study of the ruins of various 
other stand-pipes would indicate thitt the upper 
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portion should have fallen in the approximate 
direction of the point of first failure. That this 
did not take place at Peoria would seem to have 
been due to the combined influence of the above- 
quoted fact that the stand-pipe leaned appreciably 
to the northeast, and also because the wind was 
blowing from the southwest at the moment of 
failure. It is worthy of remark, that the striking 
manner in which the lower portion of the stand- 
pipe -went to pieces is in full accord with the brit- 
tle character of the metal, as shown by the fract- 
ures themselves. 

The coroner's jury found that the failure "was 
occasioned by the use of inferior material in 
construction." 

The quality of the steel plate, as shown by the 
factures themselves, was unquestionably of an 
undesirable kind, but the physical properties, as 
shown by the test above tabulated, were not those 
of distinctly objectionable steel, except that many 
engineers would desire a greater reduction of 
area. It is seen, however, that the chemical tests 
unequivocally brand the Peoria steel "high phos- 
phorus," and it has been found that such steel may 
sometimes give favorably machine tests under grad- 
ually applied loads, while under the action of 
shocks or vibratory stresses sudden failure is 
probable. Furthermore, noting the difference in 
phosphorus (0.03%), shown by two samples taken 
from different points in the stand-pipe, the in- 
ference seems warranted that physical qualities 
of a widely varying character might have been 
revealed by a rigid and systematic series of stnict- 
ural tests. Whether the specified tests were made 
during the manufacture of the stand-pipe has not 
been stated, bat an inspection of the surprisingly 
lax requirements of a cold bending test com- 
pels the conclusion that its enforcement was a 
matter of little importance, for without doubt 
even the most brittle of the plates in the Peoria 
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stand-pipe could have bent cold about a cylinder 
40 ins. in diameter (20 ins. radius) without sign 
of fracture. The following comment upon the 
specifications, by Professor Johnson, to whom ref- 
erence in another connection has been made above, 
is quoted from a communication under date of 
April 24, which appeared in the columns of a local 
journal on April 26, 1894: 

The specifications for this stand-pipe were not suf- 
ficient to guarantee the ri^t kind of material, even 
if they had been followed up by a complete and care- 
ful inspection. 

The marked prevalence in the ruins of cracks 
radiating from rivet^holes, illustrates the almost 
certain damage which results to such steel in the 
process of punching the thicker plates; and in 
seeking a cause for the failure, it does not seem 
improbable that a few such lines of incipient fract- 
ure may have been extended during the sudden and 
excessive fall of temperature within a week pre- 
ceding the failure, by the enormous expansive 
force accompanying the freezing of water which 
had leaked into imperfectly fitted rivet-holes. As 
to the sufficiency of such a force to bring about 
the result above suggested, there seems to be 
ample proof, and its effect would be at a maximum 
on the north side of the stand-pipe with the great- 
est exposure to cold winds. Whether a local weak- 
ness was produced in a manner above outlined or 
by other means, it is true that the initial rupture 
took place at or near the point on the north side of 
the stand-pipe, where calking was at the time, or a 
moment before had been, in progress; and it is 
gen-erally believed that the failure was precipi- 
tated by the sharp vibrations produced in the 
metal shell by the calker's blows. 

In conclusion, it should be stated that the details 
of the Peoria stand-pipe (see Engineering News, 
Vol. XXVIII., p. 26, July 14, 1892 inset) were 
uniformly of an excellent character, and that with 
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proper quality of metal in the plates, the struct- 
ure would have been entirely safe. 

The foregoing description of the Peoria failure 
was prepared in June, 1894. Owing to the fact 
that a 30 X 80-ft. stand-pipe, located in the resi- 
dence district of the East Blufif, was built under 
the same specifications and at the same date as 
the wrecked West Blufif stand-pipe, the authorities 
of l*eoria, through their engineer, Mr. J. A. Har- 
man, engaged the Pittsburg Testing Laboratory to 
report upon the material and workmanship of both 
structures. The report of the experts was made 
public in September, and was fully abstracted in 
Enginec^ring News, Vol. XXXII., pp. 266-7 (Oct. 4, 
1894). Although no physical tests of the plates in 
the East Blufif stand-pipe could be made, the 
quality of the metal in the two structures was 
shown unmistakably to be identical. As a re- 
sult of the unreserved criticism of the material 
and workmanship used in the construction, the 
East Blufif stand-pipe was removed during the lat- 
ter part of 1894 by order of the Peoria city council. 
It is quite certain that no stand-pipe failure has 
hitherto attracted such general attention, and it is 
a significant fact that its influence has led to liti- 
gatioli elsewhere on account of alleged depreciation 
of values of real estate contiguous to stand-pipes. 

References.— Engineering News, Vol. XXXI., pp. 283 
and 286. 306, 339 and 346, 391 (April 5. 12, 26 and May 
10. 1894). Engineering Record, Vol. XXIX., pp. 298, 
314 (AprW 7, 14. 18JM). Fire and Water, Vol. XV., p. 
132 (April 7, 1894). Ck)rrespondonce with the Editor of 
Peoria Journal and wiit.h tlie Superintendent of tfhe 
Peoria Water Co. (1804). Personal inspection of the 
ruins (March 31, 1894). 

Classification and General Discussion. 

Table T. presents the subject of stand-pipe acci- 
dents and failures in a general manner by summariz- 
ing the principal points of the preceding record, and 
Tables II. to IX., inclusive, classify the general 
record under the several points of distinction, thus 



Kd failures. 



lid prolMtble cause of failure. 

lued plates, 
lamaged platc^. 

inoer pipe empty. 

riog fire. Damaged plates. 

iT. Damaged plates. 

tive foundations nuder columns 

»ty; during erection. Deficient 

empty. Thin plates (3-16-in.), 

water. Poor design; defective 

test. Deficient anchorage; thin 

to test. Deficient top stiflliess. 
pairs. Deficient anirhorage and 

*. Overstrained hoop. 

H. of water in tank; pumpiug. 

ietion; full of water. Defective 

ted and inner pier nearly so. Vi- 

tor. 

Inside ladder; partially empty. 

r. Defective plates. 

Aged plates; falling ice. 

rtially empty. Fall of ice; de 

liipfng. Damag<*d plite. 
r. Ovei'strained hoop. 

te weather. Overstrained hoops, 
en fall in temperature. Dam- 

i rise in temperature; inside top 
Tection; top course lacking. De- 
ice. 
let of water; calking; wind. De- 

!7, East Providence, B. I. 



Extent of damage. 

Total failure; burst. 1 

Total failure; buckled and burst 2 
Partial failure; oollaps|d.— < Re- « 

paired). 
Partial failure; burst.— (Re- 
paired). 
Total failure; burst. 

Total failure of ttnk and ftrame. 

Partial failure; overLurned. — 

(Repaired). 
Partial- failure; collapsed in 

empty portion. — (Repaired). 

Total failure; burst. 

over- 



7 

8 

9 

10 



Total failure; collapsed 

turned. 
Slight damage; collapsed.— (Re- ^. 

paired). 
Slight damage ; collapsed ; 

anchor bolt broke. — (Re- 12 

paired). 
Total failure of tank and frame; ^ « 

burst. ^^ 

Total failure of tank and brick . . 

tower. 



Total failure; burst. 



16 



Partial fiiilure of tower; central .^ 

pier overturned. 
Slight damage; ladder broken .,~ 

down. — (Ladder removed) . 
Total failure; burst. 18 

Slight damage. 19 

Slight damage ; plate bulged ^ 

and cracked.— (Repaired). 
TotHl failure: burst. 21 

Total failure of tank and frame. 22 
Total fa lure of tank and frame. 23 

Totol failure; buret. 24 

Total failure; burst 26 

Slight damage; collapsed. — (Re- n^ 

paired) . • ^ 

Total failure; burst 27 

Total failure; burst. 28 
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affording a ready means for studying the subject in 
its various phases. 

It will be observed in Table II. that of the 28 
cases included in the record, 17 were total failures, 
5 failed partially, and in G of them only slight 
damage was sustained, making the number of total 
failures six greater than the combined number of 
less serious accidents. This excess is partly ex- 
plained by considering other features of the classi- 
fication, for which purpose the extent of damage 
sustained in each case is indicated in the subsequent 
tables. It is but just to say, however, that this 
relative excess of total failures may be due to the 
omission, from this record, of accidents in which 
the resulting damage was not serious; for, although, 
as was stated in the introduction, an extended 
search indicates that no accident of importance 
has been omitted, cases which were not serious 
enough to warrant general publicity at the time of 
their occurrence might easily have been overlooked. 

A strict classification with reference to causo 
presents serious difliculties in a number of the acci- 
dents, making it necessary to take more or less 
license in the preparation of Table III., and inas- 
much as the questions of cause and existing con- 
ditions are intimately related, the two items have 
been included in the one table. As might have 
been anticipated, Table III. reveals the fact that 
the most prolific source of accidents has been simple 
hydrostatic pressure or the combined eifect of ico 
and water, there being ten instances of the former 
and nine of the latter, making ten more than the 
combined number due to other causes. Of the 
latter, six were due to wind pressure and three to 
defective masonry. It is also seen that cases of 
total failure are not confined to any particular 
cause, although 14 of the 17 total failures took 
place under the two heads first mentioned, only one 
occurring under wind pressure, and two being due 
to defective masonry. 
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TABLE II. 
Classification of Stand-Pipe Accidents and Failures 



Cleveland, 

Jersey City, 

Cincinnati, 

Lexington, 

Gravesend, 

Kanl^akee, 

Sandusky, 
Sandusky, 



Asheville, 

Plattsmouth, 

Greencastle, 



with Reference to Extent of Damage. 

Total failures. 

Newport, 

Franklin, 

Seneca Falli, 

Temple, 

Defiance, 

Nappanee, 

Partial failures. 

Caldwell, 

Victoria, 

Slight damage. 

Defiance, 
Stevens Point, 



Wheatland, 
Asheville, 
MaryviUe, 
E. Providence, 
Peoria. 
Total, 17, 

rhomasville. 
Total, 5. 



B. Providence. 
Total, G. 



TABLE IIL 

Classification of Stand-Pipe Accidents and Failures 
with Reference to Existing Conditions and Prob- 
able Cause. 



Water. 

Cleveland T 

Sandusky P 

Sandusky P 

Cincinnati T 

Gravesend T 

Newport T 

Seneca Falls.. T 

Temple T 

Nappanee T 

Peoria T 

Total 10 



-Failure of metal caused by- 



Ice and water. 
Jersey City. ..T 
Greencastle.. .D 

Defiance D 

Stevens Point.D 

Defiance T 

Wheatland T 

Asheville T 

Maryville T 

B. Providence. T 



Total 9 



Wind. 

Caldwell P 

.Victoria P 

Kankakee T 

Asheville D 

Plattsmouth . . . D 
E. Providence. . D 



Total 6 



-Failure of masonry caused by- 



During construction. 
Thomasville P 



Water. 

Lexington T 

Franklin T 

Total 2 

T denotes total failure, P partial failure, and D slight 
damage. 



Total, 



It will be observed that of the six total failures 
shown in Table III. as having taken place in the 
presence of ice, four have occurred in 1803 and 
1894 within a period of slightly more than twelve 
months. This startling fact suggests the need of a 
prompt reform of such a character as will insure 
protection from this fruitful source of danger, but 
reform is clearly impossible except in so far as the 
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true elements of danger are known to those who 
have direct charge of this class of structures dur- 
ing actual operation. It should be stated that cer- 
tain of the most powerful of the forces which may 
occur in the presence of ice are of so subtle a 
character and usually act so unexpectedly that dis- 
tinct observations of their influence previous to 
actual rupture of the inclosing metal shell are 
almost entirely lacking. However, this deficiency 
may be largely supplied by a careful consideration 
of the meteorological and other conditions known 
to have existed at and for a sufficient period pre- 
ceding the moment of failure. Although, as a 
rule, the stage of water in a stand-pipe is continu- 
ally fluctuating, there are occasions when the water 
level may remain practically stationary for a con- 
siderable period of time. An instance of the latter 
condition is found in the case of Asheville, N. C, 
where the stand-pipe had been restricted to hold a 
reserve supply for fire purposes, and another in the 
case of East Providence, R. I., where the stand- 
pipe had been damaged by wind in its upper portion 
during construction and, pending final acceptance 
from the contractor, had been kept nearly full, 
probably for the purpose of preventing a repetition 
of the earlier accident. Since it is possible that an 
emergency requiring a fixed water level for a con- 
siderable period of time may occur in the life of 
almost every stand-pipe, due prominence should be 
given to this condition with respect to its influence 
upon the formation and action of ice. The follow- 
ing brief analysis of the phenomena of ice forma- 
tion and action in stand-pipes is advanced in the 
hope of throwing some light upon this important 
subject. 

With a fixed stage of water in the stand-pipe 
during a period of freezing weather, there may 
result: 

(1) The formation not only of a sheet or cap of 
ice over the exposed upper surface, but also (2) the 
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formation of a tube of ice against the inner cylin- 
drical surface of the metal shell, with (3) the thick- 
ness of the ice walls along any element of the cyl- 
inder probably about equal throughout its height, 
but (4) usually with a more or less eccentric hori- 
zontal section to the ice tube, because of the action 
of the sun or warm winds on the south side or of 
colder winds on the north side of the metal shell; 
and (5) it is important to observe that the connec- 
tion between the ice tube and the rim of the bed- 
plate will be watertight. 

Now, with the ice cap and tube thus formed, we 
may have: (6) With a warmer period, melting may 
take place, beginning on the south side; (7) if the 
rise in temperature be sufficient in duration and 
amount, the ice tube will melt entirely loose from 
the stand-pipe; (8) the watertight connection with 
the base, mentioned in (5) above, will probably sur- 
vive longest, particularly in case the water level is 
absolutely fixed; and (9) the water resulting from 
this melting will, of course, have a temperature of 
32° F. and will trickle down between the two 
shells, forming a pocket having a height, per- 
haps, nine-tenths that of the ice tube. 

(10) If, however, the melting loose be advanced 
only so far as to have formed a pocket or film of 
water on the south side of the stand-pipe between 
the ice and metal shells, and at this juncture (11) 
the process of melting is interrupted by a sudden 
reduction of temperature such as often occurs dur- 
ing a single night in the wintCi' season, there would 
be (12) a re-freezing of the water contained in the 
isolated pocket above described, and this process 
would probably begin at the top and in the thinner 
edges of the film. As is well known, the congelation 
could proceed only so far as space for expansion 
wore available; so that after the upper limit of 
the pocket had been closed, the process of freezing 
must cease, except as space is gained by stretching 
the outer metal shell or by deflecting or compressing 
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the inner ice arch, or both; for as above slated in 
(5) there is no communication at the base between 
the confined pocket and the main body of water 
within the stand-pipe. 

Under these conditions (13) the strains produced 
in the metal shell are enormous, and in an extreme 
case immediate failure, either of the metal shell or 
of the ice arch, is highly probable. It is of inter- 
est to observe that (14) the strains may be ma- 
terially increased by a rapid and considerable re- 
duction of temperature which will contract the 
metal shell, although this element may be entirely 
nullified by a corresponding reduction in the ice 
tube from the same cause, and (15) the pressure of 
the inner body of water acts in a relatively slight 
degree to prevent the deformation of the arch and 
thus to increase the strain on the metal shell. 

(1(>) The phenomena above described may occur 
in a mild form repeatedly in the same stand-pipe 
with little or no damage, or a weakness so de- 
veloped may subsequently lead to the total failure 
of the structure at a time when the nominal strains 
are entirely insufficient to account for the failure. 
Reference to the descriptive record of ice failures 
shows that but two stand-pipes (Asheville and East 
Providence) have failed under the critical conditions 
above outlined, a fact which suggests the inquiry 
as to why no others have thus failed. The answer 
is found (17) perhaps mainly in the usual gradual 
fall of temperature which permits the full action of 
the plastic qualities of the ice tube, which thus con- 
forms itself to the powerful expansive force. (It should 
here be stated that it has been found by careful 
experiments that the plasticity of ice is sensible 
increased by the presence of air bubbles, such as 
exist in the ice which usually forms in stand- 
pipes, and it is also of importance to note in the 
same connection that the plasticity of ice is con- 
siderably greater at and very near the freezing 
point than below it. See Note A, p. 104.) 

(18) The scarcity of such failures may also be 



S2 

traced to the fact that the dangerous pocket always 
forms along the weakest line of the eccentric ice 
arch, and it is probable that the cracking sounds 
heard within both the stand-pipes above mentioned 
some time previous to their failure were due to the 
partial giving way of the ice tubes, thus proving 
that the force had been in action, perhaps intermit- 
tently, for a considerable period of time. It is 
thus seen that the eccentricity of the ice tube may 
act as a safety valve for the relief of this force, so 
as to avoid actual failure of the structure. 

(19) Although no actual observations have been 
made to that effect, it seems entirely possible that 
water which had leaked into poorly filled rivet 
holes might lead to serious weaknesses, if not 
actual fracture, by freezing, provided the metal 
be so brittle in character as to have led to serious 
damage in the process of punching. The possibil- 
ity of such damage would, of course, be much in- 
creased by ** cold shortness " in the metal. 

It is thus seen that this force is a most severe 
test of the quality of plate metal. Although tho 
two stand-pipes which have thus failed were of 
steel, the magnitude of the bursting force was 
doubtless such as to render the kind or quality of 
plate metal of little importance. As to the amount 
of the force of freezing water, little of a definite 
character is known. A sing'e test (mad a at Florence 
about a century ago), by bursting a 1-in. hollow 
brass globe, indicated that this force may exceed 
30,000 lbs. per sq. in., and in a* more recent test 
(made in Germany) with a cast iron bomb-shell, a 
force of about 6,000 lbs. per sq. in. was indicated. 
The measure of the force in each case was the 
tenacity of the metal, which is probably quite un- 
reliable because of the uncertain extent to which 
the low temperature may have acted to modify its 
strength. The meager results of an extended search 
for records of this class of tests suggests the need of 
a series of experiments along this line to be con- 
ducted upon a reliable basis. 



Considering now the more nsual case of the 
fluctuating stage of water in the stand-pipe, there 
may result during a period of freezing weather: 

(20) An ice cap usually quite thin in any particular 
sheet, but, owing to the formation of successive 
sheets, the ice accumulates in a thick but irregu- 
lar mass within the limits of the daily fluctuations. 

(21) A tube of ice forms against the inner sur- 
face of the metal shell, but (22) the thickness along 
any element of the ice cylinder is greatest at the 
cap mentioned in (20) above, and decreases down- 
ward. 

(23) As in condition (4), with a fixed stage, the 
ice shell may also be more or less eccentric in the 
thinner portion, but the difference in thickness will 
probably not usually be noticeable in the irregular 
upper portion. 

(24) The ice tube may originally form a tight 
connection with the bedplate, but the influx of 
warmer water soon melts the lower portion of the 
tube away or so reduces its thickness and strength 
(on the south side, at least) as to make the forma- 
tion of an isolated pocket, such as is described in 
(9), quite improbable. (It is proper to mention a 
possible exception to this statement where the solar 
rays may be effectually cut off from the lower por- 
tion of the ice tube by the proximity of a building 
on the south side of the stand-pipe.) 

(25) and (26). Same as for fixed stage (6) and (7). 
(27) With the melting loose, the space between 

the ice and metal shells is directly connected with 
the inner body of water, and (28) the water in 
this connected pocket of course finds the level of 
the main body and quickly acquires a temperature 
of 32° F. 

(29) With entire melting loose, the mass of ice 
floats freely, and with a full tank is buoyed up be- 
yond the top rim of the stand-pipe, unless prevented 
from so doing by an obstruction at the top. 

(30) If, while in this position, a sudden and con- 
siderable fall of temperature takes place, the ice 
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tube may freeze fast, and (31) if the water level 
is low at the moment when the mass of ice becomes 
detached (either by thawing, or by the action of 
gravity, or both) more or less damage and per- 
haps tliG total failure of the stand-pipe may result, 
depending, of course, upon the energy developed in 
the fall of the ice. 

Returning to condition (20) it will be seen that 
(32) with weather of unusual severity a thick and 
perhaps airtight cap of ice may form during a brief < 
period of fixed water level; (33) such an ice cap 
may prove to be a source of danger to the stand- 
pipe itself by an explosion similar to that which 
occurred in connection with the earlier Defiance, 
O., accident, or (34) it may seriously cripple the 
efficiency of the system in case of a fire or other 
sudden large demand upon the supply. These dan- 
gers from the ice cap may, of course, occur with 
either a fixed or a varying stage of water. 

Returning to condition (28) we may have: 

(35) With a sudden fall of temperature, the 
melted space may re-freeze, but without danger to 
the stand-pipe, because of the free connection be- 
tween the main body of water and the pocket. 

(3G) With a continued reduction in temperature, 
the ice shell will contract more rapidly than the 
metal shell of the stand-pipe, owing to the fact 
that the coeflficient of expansion of ice is several 
times greater than that of the metal, and this ex- 
cess in the reduction of the ice tube will be dis- 
played in the formation of cracks. These cracks 
immediately fill with water, which in turn is frozen, 
so that the ice tube may fill the metal shell per- 
fectly at the lowest temperature. 

(37) If it were now possible to raise the tempera- 
ture of both ice and metal shells alike, a con- 
stantly increasing force would result from the ex- 
cess in the rate of expansion of the ice, and rup- 
ture of the metal would soon result; but (38) it 
seems scarcely possible that the sun, which is, of 
course, the most powerful source of heat to be con- 
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sidered in this connection, can ever act with suflS- 
cient power upon the south side of a stand-pipe 
in the winter season to raise the temperature of 
thick walls of ice throughout to the point where 
this expansion will reach a critical stage, for 
either (39) the ice in contact with the metal would 
be melting by the time the temperature of the more 
remote ice were raised to the necessary point, or 
(40) the increase in temperature would be so gradual 
as to allow the plasticity of the ice, already men- 
tioned, to relieve the pressure. As a matter of 
fact, it is probable that the temperature of the 
metal shell exposed to the direct rays oi the sun 
is always enough above that of the contiguous ice 
to compensate for the above-mentioned excess in 
the rate of expansion of ice. 

The foregoing outline of ice phenomena in stand- 
pipes is here presented for the first time, and it is 
doubtless not free from errors and omissions. The 
importance of the subject invites closer considera- 
tion than is here given to it, but the space re- 
quired for other essential matters in this discussion 
forbids further extension of this interesting subject. 

Perhaps the most striking and important fact de- 
veloped by this classification is the relatively large 
number of failures in which the plates were of 
steel. In order to present this comparison in the 
most -forcible manner, the accidents have been 
classed in Table IV. with reference to the kind of 
material in which the initial weakness developed: 
for in this inquiry it is, for instance, manifestly of 
little importance what kind of plate metal was used 
in the construction of the tank itself in the case of 
a stand-pipe whose failure was due to a defective 
foundation. Upon this basis. Table IV. shows that 
of the fifteen cases probably due in a direct manner 
to the failure of plate metal, twelve were of steel 
and three of wrought iron, nine of the former and 
two of the latter being total failures, and each of 
them occurred under water or ice strains, as shown 
by Table III. The contrast in the record of the 
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two metals is rendered perhaps even more striking 
by the excellent behaviour of the wrought iron 
plate under severe conditions in the case of the 
Stevens' Point accident, and also by the fact that 
during the construction of at least two of the steej 
stand-pipes (Sandusky and Cincinnati), numerous 
structural tests of the plate-metal were made and 
strict inspection of the work was enforced. In the 
same connection it is not improper to mention the 
defective design in the case of the Cleveland acci- 
dent, and also to note that the failure of the 
wrought iron stand-pipe at Jersey City, in 18G91 
seems to have been partly due to damage sustained 
in erecting it by a method now obsolete. On the 
other hand, attention should be given to the fad 
that at least two of the failures of steel stand- 
pipes (Defiance and Asheville) due, in part a1 
least, to defects in plates, were in every sense pre- 
ventable on account of the distinct previous knowl' 
edge of the flaws. 

The marked recent tendency toward the use of 
steel in stand-pipe construction seems, at first 
thought, in direct opposition to the above contrast 
in the past record of the two metals, which un- 
mistakably favors wrought iron; but in addition 
to the facts presented in the foregoing record of 
accidents and failures, a just and complete com- 
parison involves the consideration both of tfie re- 
spective stages of development in the processes of 
manufacture of the two metals, and also of the 
relative extent of their adaptation to this class of 
construction, at any given period. Upon this basis 
the excellent record of wrought iron above referred 
to seems mainly due to the fact that the process of 
making it -had been brought to a high degree of 
perfection prior to its use for stand-pipe construc- 
tion, while in the case of steel the grades ordinarily 
available during the earlier period of its use for 
this purpose lacked uniformity, and were often very 
deficient in the qualities essential to such construe- 
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tion. However, Ihe rapid development in the art 
of 8te<^l-making, stimulated as it has been by the 
increased knowledge growing from the extensive 
use of the metal in all classes of structural work, 
has led to the present comparatively high degree 
of perfection in the processes by which uniform 
grades of steel having specified physical properties 
may be produced, and at a cost not only much less 
than formerly, but also low enough to successfully 
compete with wrought iron. Much light might be 



TABLE IV.— Classlflcatlon of Stand-Pipe Accidents 
and Failures with Reference to Kind of Material 
which Failed First. 

Accidents and failures which occurred under press- 
ure of water or combined ice and water strains. 

Plate metal, steel.— Sandusky (P.). Sandusky (P.), Cin- 
cinnati (T.), Gravesend (T.), Seneca Palls (T.), Temple 
(T.), Defiance (D.), Defiance (T.), Askeville (T.), Mary- 
ville (T), East Providence (T), Peoria (T); Total, 12. 

Plate metal, wrought iron.— Cleveland (T.), Jersey 
City (T.), Stevens Point (D.); total. 3. 

Hoops, wrought iron.— Newport (T.), Nappanee (T.), 
Wheatland (T.); total, 3. 

Inside ladder, wrought Iron.— Greencastle (D.). 

Collapsed at top or overturned by pressure of wind 
fsee Table V 1l. 

Steel.— Caldwell (P.); Asheville (D.), Plattsmouth 
(D.). Bast Providence 0.); total, 4. 

Wrought iron.— Victoria (P.), Kankakee (T.); total, 2. 

Failure of Masonry. 

Brick tower.— Franklin (T.), ThomasvUle (P.); total, 2. 

Concrete foundation.— Lexing^" >n (T.). 



T. denotes total failure; P., partial, and D., slight 
damage. 

thrown upon this comparison of the two metals 
by a complete and reliable record showing the dates 
of construction and the kind of metal used in each 
stand-pipe in the United States, but no such record 
complete enough to warrant definite conclusions 
has yet been compiled. A partial list of this kind, 
prepared and published in 1888 (see Manual of 
American Water-works, 1888), is classified in Table 

X. 

The data presented in this table are, however, of 
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too meager a character to warrant anything beyond 
mere inference, since the compiler of the partial 
list from which it was prepared states that it **in- 
cludes barely half the stand-pipes in the United 
States" (in 1888). The difficulties surrounding the 
collection of complete and entirely credible data of 
this class are very great; thus, for instance, of the 
168 stand-pipes included in Table X. the date of 
construction is uncertain in 63 cases (38%), and the 

■*- — 

TABLE X.— Olassiflcation of a Partial List of Existing 
Stand-Pipes In the United States in the Year 1888. 
with Reference to Date of Construction and Kind 
of Metal. 

Wrought Un- 

Year. Steel, iron. Steel & w. i. certain. Total. 

1854 1 .. ..1 

1860 1 .. ..1 

1861 .. 1 1 

1868 .. 1 .. .. 1 

1872 1 .. ..1 

1874 1 .. .. 1 

1876 1 .. .. .. 1 

1877 2 .. ..2 

1878 .. 11 

1830 3 .. .. 3 

1881 2 .. .. 2 

1882 2 5 .. 1 8 

1883 1 6 .. 1 8 

1884 1 12 .. .. 13 

1885 1 18 .. .. 19 

1886 6 17 1 ..24 

1887 6 7 .. .. 13 

1888 2 1 .. 2 5 

Uncertain 2 22 .. 39 es 

Totals 22 100 1 45 168 

"Certain" tofl 20 78 1 . . 99 



kind of plate metal used is lacking in 45 cases 
(27%). Cutting out the uncertain figures, there re- 
main 20 steel, 78 wrought iron and one combina- 
tion stand-pipe, from which it may perhaps be in- 
ferred that in 1888 the number of steel stand-pipes 
in the United States was about one-fourth of the 
number built of wrought iron, which, if true, makes 
the superior record of the latter metal even more 
striking. It appears from Table X. that steel was 
first extensively applied to the construction of 
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stand-pipes about 1886, for of the 20 steel stacfJ- 
pipes whose dates are given, 14, or more than two- 
thirds, were built in 1886, 1887 and part of 1888, 
while in the same period the decrease in the number 
of wrought iron stand-pipes built is very distinctly 
shown, being 18 in 1885, 17 in 1886, 7 in 1887 and 
but one in the part of 1888 included in the table. 
Allowing for a reasonable discrepancy in the above 
figures, it is still quite apparent that the growing 
preference for steel which has prevailed in other 
classes of construction for the past few years has 
also largely controlled the construction of stand- 
pipes. No record of the number of stand-pipes built 
since 1888 Is available, but it has leioeiitly been 
stated that "there ore now seven oar eight hundred 
stand-pipes in the United Sates, and their number 
is rapidly increasing." If, as estimated, the stand- 
pipes, 163 in number, listed in 1888, were about one- 
half the total number, there were at that time per- 
haps 350 such structures in the United States, which 
indicates that the number has doubled in a period 
of about six years. 

A complete record, brought up to date, along the 
lines suggested by Table X. seems at first thought 
to be much needed, but in reality the value of such 
a record would be largely nullified by the fact that 
the mere name, steel or wrought iron, is after all of 
little value as a measure of quality, notwithstanding 
a popular belief to the contrary. It is at this time 
highly important to give due consideration to a 
very significant effect upon the quality of wrought 
iron, which has been a direct result of the recent 
marked preference for steel in structural work. 
With the decline in the use of wrought iron, the re- 
duced attention to its manufacture has led to such 
serious deterioration in quality as to even suggest 
that the superior past record of wrought iron in 
stand-pipe construction might soon be appreciably 
affected, or perhaps even reversed, in the event of 
a sudden resumption of the earlier preference for 
that metal for this purpose, unless a corresponding 
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restoration of its former excellent quality was at 
once brought about. But with the present decided 
preference for steel in other classes of structural 
work, based largely, as it is, upon much reduced 
prices, and with the constant decline in the output 
of wrought iron as compared with steel, the proba- 
bility of an exception being made in a single class 
of structures is very remote. If, as indicated by the 
meager statistics above given, the number of 
stand-pipes has been doubled within a period during 
which a decided preference has been shown for 
steel, it is probable that the contrast in the record 
of failures will continue to favor wrought iron, for, 
while many stand-pipes have been built with steel 
of suitable quality, a very considerable number 
have been constructed from "tank" steel. The 
latter grade of steel has perhaps led to a majority 
of the failures of steel stand-pipes and, because of 
its extended use in the past, will doubtless cause 
many others. The tensile strength of "tank" steel 
is frequently higher than is required, but its brittle- 
ness and low ductility render it liable to damage 
in the process of punching and sudden failure is 
apt to take place, particularly at low temperatures. 
The use of an inferior grade of steel is, as a rule, 
the result primarily either of deficient or defective 
specifications, or in case proper quality and effi- 
cient tests are specified, the tests are omitted. The 
former is much too often the case, for even in tne 
better practice it is by no means uncommon to find 
specifications for plate metal which merely fix the 
tensile strength with no reference whatever to other 
equally essential physical properties; or if tests are 
mentioned, their character is often such as to ad- 
mit grossly defective material even if rigidly en- 
forced. Loose specifications and methods of con- 
struction are also sometimes the outcome of a tacit 
understanding between a construction company and 
the contractor, by which a considerable saving la 
effected in the first cost of I he stand-pipe at the ex- 
pense of safety. As long as such practices are per- 
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sisted in there is little hope for reform, and the 
stand-pipe will more and more become a menace 
to the very interests that it was designed to pro- 
mote. 

It is unquestionably practicable to conf-truct u 
stand-pipe, either of steel or of wrought iron, which 
will be as safe as any other structure built from 
the same metal, prov^ided like care is taken both in 
the origin il design and construction, and also in the 
subsequent operation and maintenance. However 
excellent the method of design and construction 
may be, ic is, of course, vitally important to provide 
protection for the structure under certain critical 
conditions which have been described in the r*^^c- 
ord of failures. The most critical of the emergen- 
cies which may occur in the life of a stand-pipe 
have been described in connection with the discus- 
sion of "ice" accidents. A clear conception of those 
emergencies leads to the belief that stand-pipe shells 
may be subjected to strains at least equal to, and 
probably at times much exceeding, those whi2h may 
occur in the shells of high-pressure steam boilers. 
Adding to this the well-known treacherous action 
of steel of a brittle character (particularly high 
phosphorous steel) under low temperatures, the 
conclusion is reached that the standards of quality, 
both of material and workmanship, which govern 
high-grade boiler construction, should also prevail in 
the construction of stand-pipes. This standard, or 
its equivalent, has already been adopted by the 
more enlightened and progressive engineering prac- 
tice, the tests of quality being based upon the 
actual conditions in the structure, and being so 
conducted as to afford conclusive evidence of the 
quality. It is scarcely necessary to remark that 
the responsibility of the designing or consulting en- 
gineer with respect to the enforcement of the 
proper quality of design, material and workmanship, 
should not be construed to cease with the com- 
pletion of the structure. Considering all phases of 
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the question, it seems proper to conclude that 
future practice may wisely continue to favor the 
use of steel in stand-pipe construction, provided the 
actual conditions to which the structure may be 
subjected are clearly r^ognized, and also that the 
details of the design, the grade of steel, and the 
class of workmanship, which will most effectually 
meet those conditions, are utilized with intelligence. 
Returning to the discussion of Table IV., three 
cases of elevated wooden tanks whose failures were 
due to bursting hoops, suggested the need of cau- 
tion in adjusting the tension of the hoops to stop 
the leakage, on account of the increased strain 
caused by the swelling of the staves. In the ab- 
sence of definite knowledge as to the dimensions 
and quality of the hoops, the true source of weak- 
ness cannot be assigned, but it is very probable that 
the usual errors of detail in the joints were not 
lacking. The scope of this record was not extended 
to include the failure of wooden railway tanks, of 
which a number have taken place, because of the 
fact that the three cases which have been described 
fully present the more common elements of danger 
encountered in the use of this type of tank. 

The failure of the concrete footings under the 
supporting columns of the Lexington stand-pipe 
forcibly suggests the danger due to unequal settle- 
ment of isolated pieces of masonry, particularly 
where the presence of water may soften the sub- 
stratum. This failure and those of the two brick 
towers urge the need of proper methods both in the 
design and in the construction of this class of 
masonry. 

Before considering the next table, reference 
should be made to the characteristic phenomena 
which accompany the failure of relatively tall 
stand-pipes in which the initial fracture occurs 
near the base, as exemplified by the ruins them- 
selves. A careful study upon the latter basis de- 
velops the fact that the stand-pipe is usually sepa- 
rated into three principal portions, viz.: (1) the 
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foundation and bed-plate, generally left undis- 
turbed except as to cuts and bruises in the latter, 
which are caused by falling plates; (2) a more or 
less demolished mass of plates, consisting usually 
of less than the lower half of the stand-pipe, and 
which, in general, is projected in a direction dia- 
metrically away from the point of initial rupture; 
and (3) the remaining upper portion which topples 
in the approximate direction of a radial line passing 
through the point of first rupture. In addition to 
the above, isolated fragments which are frequently 
projected to considerable distances, may ofifer im- 
p<)rtant suggestions as to the point of first failure. 
It should be remarked that the second observa- 
tion, or rather a modification of this observation 
as above stated, may often serve as available evi- 
dence in relation to the quality of plate metal, for 
when the metal is unusually brittle, it is found 
that the lower portion of the structure bursts into 
a number of individual fragments of large size, 
instead of clinging together as above stated. An 
exception to the third also has been observed in one 
case in which the direction taken by the unruptured 
top portion was sensibly modified by the action of 
the wind. 

Table V is a special record of the six cases due 
to wind action, of which four were of steel and two 
of wrought iron, as shown in Table IV. The opin- 
ion seems to be entertained in some quarters that 
special anchorage is not necessary, except perhaps 
in the case of tall stand-pipes having small diam- 
eters. If this idea is based upon the belief that 
the empty tank has sufficient weight to counteract 
the wind moment, it is certainly not confirmed by 
the East Providence accident, where, with an un- 
usually heavy structure, the force of the wind was 
strong enough to sensibly lift the windward side; 
and, furthermore, a similar occurrence has been 
observed in the Eastern States with other stand- 
pipes for which no anchorage had been provided. 
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Or, possibly, the above mentioned practice assumes 
that the probability of having an empty stand- 
pipe and a severe wind storm simltaneously is too 
remote to require special provision. Such assump- 
tion finds no support in the record, for it is a sig- 
nificant fact that nearly one-fourth of the entire 
number of accidents which have been described 
have occurred during violent wind storms, and that, 
with one exception, the stand-pipes were entirely 
empty. On the other hand, it may be noticed that 
the structures actually overturned were in but two 
out of the five cases of entirely empty stand-pipes, 
although two others (Plattsmouth and East Provi- 
dence) rocked with more or less violence upon their 
foundations. Of the four stand-pipes whose bear- 
ings were thus disturbed, three were anchored, a 
fact which urges the need of making the anchorage 
more secure. In this connection reference should 
be made to the Undoubted advantages which may be 
had by the use of well designed bracket anchorages 
in the case of tall stand-pipes of small diameter. 
This necessity for a rigid connection between the 
stand-pipe and its foundation is by no means con- 
fined to the tendency to overturn, for it also bears 
an important relation to the vibration of the struct- 
ure, which may lead to the collapse in the upper por- 
tion. Thus, for example, it is a matter of some doubt 
whether the stand-pipe at Plattsmouth would have 
collapsed had its anchorage remained firm, and in 
the case both of Kankakee and Bast Providence 
the vibrations of the plates were doubtless aggra- 
vated by the rocking too and fro upon the founda- 
tion. 

In considering the question of overturning and 
collapse of stand-pipes, it would, at first thought, 
seem very important to know the actual velocity 
of the wind at the moment of failure, but aside 
from the interest in the figures as a part of the 
record, they are not of great utility; for, as a mat- 
ter of fact, the danger to the stand-pipe probably 
depends less upon the actual intensity of the wind 
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pressure than upon the accumulation of force by 
coincidence of gusts of wind with the vibrations of 
tiie tank. To the latter condition probably more 
than to anything else may be ascribed the failures 
to reach practical results in the various attempts 
which have been made to place the above problem 
upon a theoretical basis. The idea has been ad- 
vanced that collapse is partly due to rarefaction of 
the air within the stand-pipe, but even if the dif- 
ference in pressure were suflScient to have appreci- 
able influence, it would seem to be secondary in im- 
portance to the vibratory tendency above men- 
tioned. Considering this uncertainty, it is not sur- 
prising that there has been much lack of uniformity 
in providing stiffness in the upper portion of the 
stand-pipe; for, as a rule, the minimum thickness 
of plates and the dimensions of the stiflfeners are 
fixed either by precedent or according to the judg- 
ment of the designer. 

Table V. also shows that collapse took place in 
five out of the six cases and that, with one excep- 
tion, the stand-pipes were entirely empty. In the 
case of the Victoria collapse, in which only the 
empty portion failed, the storm was of unusual 
violence, but the occurrence shows that safety 
against such an accident may be had only with a 
full stand-pipe. It is also a striking fact that tour 
of the six accidents occurred either during construc- 
tion or in the interval between completion and first 
test, a critical period which must of necessity occur 
with every stand-pipe. It would seem that the sys- 
tem of floating derrick construction, used with suc- 
cess in a number of instances, is admirably adapted 
to the needs above mentioned, although its original 
adoption and subsequent use. have, of course, been 
based upon a quite different requirement. Thus, 
for instance, in the case of the East Providence 
stand-pipe, had the contractor used a floating der- 
rick (as the sub-contractor for the roof of the same 
structure is said to have done) the collapse of the 
upper portion and, under the circumstances, perhaps 
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tbe final failure as well, would have been obviated. 
Aside from the facts presented in Table V. an im- 
portant effect of the wind in the case of tanks of 
large diameter should here be mentioned. Refer- 
ring to the descriptions of the Cincinnati, Asheville 
and East Providence failures, it will be found that 
the tanks, having diameters of 100 ft., 45 ft. and 



TABLE VI.— Classiflcation of Total Failures, with 

'Reference to «Lif6 of Stand-pipes and (Material. 

Failed previous to test. 

Kankakee, 111 Wrought Iron 

Failed during test. 

Cleveland. O. Wrought Iron Temple, Tex Steel 

Cincinnati, O Steel Nappanee, Ind Wood 

Lexington, Ky Biasonry Wheatland, la Wood 

Gravesenu, N. T Steel 

Newport, Ark Wood Total 8 

Failed after test. 

Jersey City, N. J Wrought iron 10 years 

FrauKlin, Man (Masonry 4 weeks 

Seneca Falls, N. Y Steel 4 months 

Defiance, O Steel 2 years 

Asheville, N. C Steel 6 years 

Maryville, (Mo. . . . , Steel 6 years 

Bast Providence, <R. I Steel 4 months 

Peoria, 111 Steel 4 years 

Total 8 

Summary. 

Steel 9 

Wrought Iron 3 

Wood 3 

Masonryi 2 

Total 17 



40 ft., respectively, are believed to have been weak- 
ened by the continuous vibratory action of the wind 
upon the plates. In the first instance the tank had 
been exposed to the heavy winds for a considerable 
period during its construction and it failed in its 
first test; in the second case guys were added after 
visible damage from the same cause some two years 
before the final failure took place under ice strains; 
and in the last named case the sides had been vio- 
lently vibrated during a series of wind storms 
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while empty during construction about 4% months 
previous to the final failure. 

It is, of course, needless to say that, in the main, 
the above observations do not apply to tanks 
which are encased in masonry or are otherwise ef- 
fectually protected from the direct action of the 
wind. 

The classification of total failures in Table VI. is 
made with reference to the life of the stand-pipe, 

- 

TABLE VII.— Classiflcation of Stand-Pipe Accidents 
and Failures with Reference to Location by States. 

Existing conditions and extent Summary. 

of damage. 
Water. Ice. Wind. Other. To- 

'r. P. T. D. T. P. D. P. T. P. D. tal. 

Arkansas 1 1 

Georgia 1 

Illinois 1 1 2 

Indiana 1.. .. 1 1 

xo^va .4...... . .. X.. .. •• •• .. X 

Kansas 1 

Massachusetts 1 1 

Missouri 1.. 1 2 

Nebraska 1 

New Jersey 1 1 

New York 2 2 



1 
1 
2 
2 
1 
1 
1 
2 
1 
1 
2 

N. Carolina 1 1 .. 1.. 1 2 

Ohio 2 2 11 32 16 

Rhode Island .... 1 1 .. 1.. 1 2 

Texas 1 1.. .. 1 1.. 2 

Wisconsin 1 1 l 

Totals 10 2 63 12^ 1 17 5^28 



T denotes total failure, P, partial, and D, slight 
damage. 



that is, as regards the relative times of first test and 
of failure. It will be noted that one failure 
occurred previous to test and that eight failed dur- 
ing test. In the remaining eight failures the life 
varied from four weeks in the case of the brick 
supporting tower at Franklin to ten years in the 
Jersey City stand-pipe, and was six years in two 
other cases. This leads to the important obser- 
vation that no assurance of safety is to be found in 
the mere fact that any given stand-pipe has stood 
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for several years without visible signs of weakness. 
Reference has already been made to the contrast 
in the number of steel and wrought iron stand- 
pipes which have failed totally; this fact is also 
shown in Table VI. in the summary column. 

Tables VII., VIII. and IX., class the accidents 
with reference to existing conditions and extent of 
damage in connection with location by state, date 
by month and date by year, respectively. 

Table VII. presents the fact that the distribution 



TABLE VIIL--CaaS8iflcation of Stand-Pipe Accidents 
and Failures with Reference to Date by Month. 

Existing conditions and extent Summary. 

of damage. 
Water. Ice. Wind. Other. To- 

Month. T. P. T. D. T. P. D. P. T. P. D.tal 

January ... 3 1 3.. 1 4 

February 11 i.. 12 

March 1.. 1 1 .... 1 .. 2.. 2 4 

April 1 1 1 

MTay 1 1 .. .. 1 

June 2 1 .. .. 2 1 .. 3 

August 1 1.. .. 1 1.. 2 

September 1 1 l 

October 4 1 .... 1 5 1.. 6 

December 1 1 1 1.. 2 

Unknown 1 1 1 1.. 2 

Totals 10 263123 117*5628 



T denotes total failure, P, partial, and D, slight 
damage. 



of accidents under each cause has been quite general. 
Perhaps the most striking feature of this table is 
the failure due to ice strains as far south as North 
Carolina, the explanation of which may be found in 
the high altitude of Asheville, where the acciddent 
occurred. It is also of interest that four of the six 
accidents due to wind pressure have occurred in the 
West. 

Table VIII. shows that the number of accidents 
which have occurred in the month of October is 
greater than that of any other month, but, by trac- 
ing the record of the six cases, it is found that tWQ 
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of the accidents occurred during first test* and a 
third previous to test, so that the excess in October 
is due to the fact that several initial tests have 
chanced to be then made, and not because the con- 
ditions have been actually more severe during that 
month. It is also seen that all the wind accidents 
have taken place from March to October, inclusive, 
and that the ice accidents have been practically con- 
fined to January, February and March, the one* ex- 

TABLiB IX.— Olasslflcation of Stand-Pipe Accidents 
and Failures with Reference to Date by Year. 

Existing conditions and extent Summary. 

of damage. 
Water. Ice. Wind. Other. To- 

Yoar. T. P. T. D. T. P. D. P. T. P. D.tal. 

1868 1 1 .. .. 1 

1869 1 1.... 1 

1877(?) 1 1 .. 1 

1878 1 1 .. 1 

1881 1 1 .. .. 1 

1886 1 1 .. .. 1 

1886 1 12.... 2 2.. 4 

1887 3 2 1 3 12 6 

1889 1 •• 1 1 

1890 1 1.... 1 

1891 12 1 .. 2 3 

1892 1 .. • •• J •• •• 1 

1893 . .. 3 1 .. 3 .. 1 4 

1894 1.. 1 2.... 2 

Totals 10 "i "6^123 117 5628 



( 



T denotes total failure, P, partial, and D, slight 
damage. 



ception having occurred on Dec. 31. Since the 
water accidents have occurred mainly during first 
test nothing of special interest concerning them 
is shown in Table VIII. 

Table IX., giving the date by year, is chiefly of 
interest in a historical sense, the most striking feat- 
ure being the well-known epidemic of stand-pipe ac- 
cidents and failures which took place in. 1886 and 
1887, the largest number, six, having occurred dur- 
ing the latter year. It is also seen that four cases 
oecaired in 1^3, equal in uomber to those in 1886^ 
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although it should be noted that the greatest number 
jof total failures within a year is three, there having 
Ijeen this number both in 1887 and 1893. Attention 
has already been drawn to the startling fact that of 
the six total failures which have taken place in the 
presence of ice four have occurred in 1893 and 1884. 
In conclusion, it seems proper to mention the sev- 
eral lines of apparent need for reform suggested by 
the foregoing record. While the maximum attain- 
ment of safety must continue to come through the 
rigid and intelligent enforcement of high quality, 
both of material and workmanship, the element of 
design also offers a broad field for improvement. 
The question of quality is provided for in the strict 
system of test and inspection which govern other 
classes of structural work, and too much stress can- 
not be placed upon the rigid enforcement of proper- 
ly worded specifications. Probably the most urgent 
need for improvement in design is suggested by the 
large number of total failures which have occurred 
under the two heads of water and ice. A considera- 
tion of the liability of the more common type of 
stand-pipe to fail near its base, in connection with 
the matter of effective storage, first led to the use 
in this country of the elevated tank. Subsequent 
consideration of the elements of economy of con- 
struction and, in some instances, of architectural ef- 
fect, has led to modifications of form in the sup- 
porting framework or tower, and also, to a limited 
extent, to the adoption of the several types of tank 
bottom, which originated in the German practice. 
In addition to the above questions there also seems 
to be room for improvement in the method of con- 
struction. In the latter connection the floating der- 
rick system (see reference in myte B, p. 105), 
seems particularly promising in view of the large 
number of total failures which have occurred under 
hydrostatic pressure during first test; for, as is well 
known, a fiaw which may prove fatal under a sud- 
denly applied load might either be detected or prove 
harmless under the same strain gradually aiH;)lied. 
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The danger from ice suggests the need of measures 
to prevent its formation, to which end the simplest 
and best device, although often expensive, is the 
enclosure of the tank, leaving an air space to se- 
cure insulation (this expedient has recently been 
applied with success to several exposed stand-pipes 
which had previously been endangered by ice forma- 
tion). Although this plan entails a considerable in- 
crease of cost, it has an advantage which is too 
often overlooked in that it affords a means of 
providing for the architectural effect in a mannei 
superior to the metal cylinder. The elements just 
mentioned may often be served in an efficient man- 
ner by the use of a roof which, besides reducing 
the tendency to form dangerous ice caps, will also 
exclude the direct rays of the sun, the influence of 
which upon some water supplies in promoting vege- 
table growths so as to cause objectionable tastes 
and odors in the stored water, is well known. It 
is important, however, to consider the possible 
danger to the roof and i)erhaps to the entire struc- 
ture in those localities where ice forms in excessive 
quantities, by the buoyant tendency of the mass of 
ice after it has melted loose. Still another advan- 
tage in the use of the roof may be found in those 
cases of low tanks which may be accessible to mis- 
chievous parties as receptacles for polluting matter 
of various kands, although the large diameters of 
many such low-level storage tanks may suggest 
the use of a less expensive means of abating 
such a nuisance. The necessity for exclud- 
ing all obstructions from the interior of the 
stand-pipe, which has already been discussed, is 
easily provided for in making the design. The wind 
accidents, as already stated, suggest the need of firm 
anchorage and also urge liberal provision for rigidity 
in the upper portion of the stand-pipe. The latter 
consideration may, as a rule, be provided for in 
ordinary cases by using plates of reasonable thick- 
ness, but as the diameter becomes large the thorough 
protection of the structure while empty seems to 
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demand the use of guys or an equivalent means of 
reducing the vibrations due to wind. A considera- 
tion of the latter element in connection with the 
uncertainties of quality which exist in excessively 
thick plates suggests that a recent tendency toward 
the combination of a large diameter and a consider- 
able height in the same stand-pipe is not wise, al- 
though such a design may somtimes be necessary. 
Recent tests of riveted joints in soft steel plates 
have strikingly shown the damage resulting from 
punching rivet holes in thick plates and some engi- 
neers have been led to specify that all plates above 
%-in. in thickness shall be drilled, or if punched 
that the holes shall be reamed, and one recog- 
nized authority has also taken into considera- 
tion the change in character of the fracture due to 
the punching and has placed the limit at l^-in. (an 
examination of the table of stand-pipes in the 
United States in 1888, already mentioned, shows 
that of 136 cases in which the thickness of the 
first course of plates is stated, in only 13 (or 10%) 
of them did the thickness reach %-in.and of the 
latter in only five cases was that thickness ex- 
ceeded.) It is also quite generally believed that 
%-in. or 1-in. is the maximum thickness of 
plate which can be satisfactorily riveted up 
by hand in the field and such a limit 
should be observed in the stand-pipe design. 
In addition to the questions of design and construc- 
tion that of operation also deserves attention, par- 
ticularly in the presence of ice in large quantities. 
Under the latter conditions the necessity for fre- 
quent pumpings during severe freezing weather and 
for avoiding low stages of water during a thawing 
period should be clearly recognized and provided 
for. 

While many points of interest have doubtless 
been presented in the foregoing record and classifi- 
cation, the real value of the inquiry must, of course, 
be measured by the light which it may afford for 
the guidance of future practice. 
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Note A. Thfe Plasticity of loe.— In diecoBsing the 
action of ice in stand-'pipes, it was stated (p. 81) 
that the readiness with which ice undergoes defor- 
mation undioijibtedly has an important influence in 
reducing the danger to Which stand-pipes are liable 
from the presence of ice. Various experiments 
made primarily for the purpose of throwing light up- 
on glacial action also have an important bearing 
in this connection. The results of the more reliable 
of these experiments have appeared in "Nature" 
from time to time, reference to which is made as 
follows: Vol. I., p. 534; Vol. IV., p. 447; Vol. VI., 
p. 396; Vol. VII., p. 287; Vol. XII., p. 317; Vol. 
XXXI., p. 329; Vol. XXXII., p. 16, and Vol. 
XLII., p. 213. 

The above reference to Vol. XXXII. of "Nature" 
is of particular value in that the writer, Morgan, 
reviews previous experiments besides giving the re- 
sults of his own tests of the "viscosity" of ice. In 
the reference to Vol. XLII. (abstract from the 
"Royal Society Proceedings") the experimenter, 
Andrews, concludes that "if the plasticity of ice at 
— 35** F. be taken as unity, that at 0** F. = 2, and at 
28° F. = 8." From the last named temperature 
up to 32° F. this property must increase very rapid- 
ly, for Prof. Pfaflf had previously (1875; see "Na- 
ture," Vol. XII, p. 317) found "that even the small- 
est pressure is sufficient to dislocate ice particles if 
it act continuously, and if the temperature of the 
ice and its surroundings be near the melting point." 
Pfaff also found that the presence of air bubbles 
has a marked influence in augimenting the plastic 
action of loe. 

If the above-mentioned relation between porosity 
and plasticity of ice be considered in connection 
with the well-known prevalence of air bubbles (fre- 
quently in large quantities) in freshly pumped 
water, important light is thrown upon the failures 
of the Aaheville, N. C, and the East Providence, 
R. I., stand-pipes, for in both instances the quality 
of the ice tubes must have been exceptionally 
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dense, and hence unyielding, because of the fact 
that pumping had not been in progress during the 
period of ice formation. 

Furthermore, the marked increase of plasticity 
near the freezing point, above menitloned, goes far 
to explain the soaidty of accidents of the class dis- 
cussed on pp. 80-82, under conditions (10) to (17), 
inclusive. 

Note B. The Introduction of the Floating Stage 
for Erecting Sttand-Pipes.— A careful investigation 
indioates that the system of erecting stand-pli>es 
by means of the floatiin'g stage or derrick was finst 
introduced in 1876 by Mr. J. D. Oook, Hydraulic 
Engineer, in the construction of the 25 x 180-fit. 
steel stand-pix)e at Sandusky, O. In that case an 
outside staging from the ground was used, from 
which fthe rivets were driven, the rivets being held 
by workmen on the float. The outside staging was 
first dispensed With, it is claimed, by Mr. J. C. 
Chase, C. E., in m«aking a 20-ft. extension to the 
20x70-ft. 'wrt>uf?ht iron stand-pipe at Wilmington, 
N. C, in 1882. In the latter case, **the rivets were 
driven on the inside, and held on the outside by a 
workman suspended in a cage, carried by roller 
hooks traversing the top edge of the course of 
sheets on which work was beimg done." Mr. Cook 
states that oomanenicing wvth the 25 X 132-ft stand- 
pipe at Atlaniti'c Oity, N. J., bui9t in 1883, he ai!so 
dispensed with the outside staging, and that he has 
since used the floating stage in erectlnig all stand- 
pipes of large size. It has been his custom thiongh- 
out to use a double decked float, "the upper deck 
boing occupied by the riveters, and the lower deck 
by the painters, the painting being kept above the 
water-line." Nuimerous stand-pipes of various sizf*} 
have been erected by this admirable system within 
recent years and there is reason to Ibelieve that it is 
growing I'n favor. 
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APPENDIX I. 
SUPPDEMENTABY RECORD. 

It 18 the purpose of this Appendix to givo « sup- 
plementary record of stand-pipe accidents which 
were oyerlooked in the pr^aratiou of the original 
record or have occurred since the previous matter 
was put in type. Inj the progress of this later in- 
quiry, as indeed was true of the former as well, sev- 
eral false rumors of stand-pipe accidents have been 
investigated, and by the co-operation of local au- 
thorities, confirmed where practicable through in- 
dependent channels, such cases have been carefully 
excluded from these pages. 

Because of the limited number of cases here pre- 
sented, no regular classification will be attempted. 
It is of much interest to notice that a classification 
of the cases here described along the lines followed 
in the original record would require a quite dif- 
ferent set of headings in the matter of "cause.*' 
While several of these accidents resulted in little or 
no damage, they do not lack interest for that reason 
alone. In the discussion (Whlch concludes this Ap- 
pendix, attention is drawn to the more important 
leatJonu to be learn-ed from the supplementary record. 

Chicago, 111., 1854. 

A brick tower, 136 ft. in height, enclosing a 2-ft 
cast and wroDght iron stand-pipe, which was built 
in connection with the water-works at Chicago, 
111., in 1854, was found to be leaning to the east- 
ward, and the settlement continued until the top 
of the tower had left its original position about 14 
ins. The plan of the tower was a hollow square, 
the outside dimensions being 14 ft, 13 ft and 11 
ft., at the bottom, middle and top, respectively, the 
reductions being made by exterior offsets. The 
stand-pipe was cast iron in its lower 100 ft and was 
made of ^4. iOt wrought Uon in the upper 36 ft 
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The space between the iKipe and the enclosing tower 
was utilized as a smoke channel. 

The foundation of the tower consisted of masonry 
work resting upon a layer of sand 6 ft. below the 
surface, and the settlement above mentioned was 
found to be due to the. unequal yielding of this 
stratum of sand. Adjoining the tower on the east 
side wafl the foundation of a pumping engine, es- 
tablished on piles spaced 3 ft. apart, the area cov- 
ered being 32 x 42 ft., or 1,344 sq. ft. The engine 
foundation being on the side toward which the 
tower leaned, it was utilized in restoring the 
structure to its original position. A groove was 
cut into the foot of the brickwork on the east side 
and a double row of long wrought iron wedges was 
inserted, their butts resting upon the engine founda- 
tion. The east side of the tower was thus slightly 
lifted and close watch was kept upon the settle- 
ment as it continued on the opposite side. As re- 
quired, the wedges were gradually removed until 
the settlement finally ceased altogether with the 
groove in the brickwork closed and the tower 
plumb. No damage resulted to the tower and it 
stood without further movement until in 1867-8 it 
was abandoned and removed. 

References.— Andreas* History of Chicago, p. 188. 
Correspondence In 1894 with Mr. D. O. Cregler, of 
Ohicago. Mr. Cregier was connected with the Public 
Works Department of the City of Chicago for an ex- 
tended period, beginning in 1853, and is also the au- 
thority for the Information concerning the al>ove in- 
cident, found in the Manual of American Water- 
Works for 1888, p. 370, and for 1889-90, p. 488. The 
fonmer is in error in giving the deviation of the top of 
the tower as 14 ft., while, as stated correctly in the 
latter reference, it was in reality 14 Ins. 

Erie, Pa., 1872. 
A striking instance of the buoyant action of ice 
in a stand-pipe has been observed at Erie, Pa. 
The stand-pipe referred to is 5 ft. In diameter and 
when built in 1868 had a height of 220 ft. Dur- 
ing the first year or so after its completion the 
stand-pipe was held in place by %-in. guy rods, 
after which it was encased by a brick tower. The 
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following description of tbe experience with Ice, 
above referred to, has been obtained through the 
courtesy of Mr. Wm. W. Beed, M. Am. Soc. G. £1, 
who was the first president of the Erie Water- 
Worlcs: 

In emclosing the stand-pipe we built the brickwork 
about a foot a'bo^e iHie top of the pipe and floored it 
oiyer. A railing was put on the outside, thus 'making 
a splendid yiew for those strong enough to ascend 
the 220 ft. of steps between the stand-pipe and the 
masonry en.clo>iring it. Ab the pipe was entirely en- 
closed» we did not think it necessary to heat the 
space between the pipe and masonry In cold weather. 

A few years after the works were put in operation 
we had a very cold winter, causing a cylinder of ice 
to form around the sides of the pipe, perhaps 8 or 10 
Inis. in thickness. When the weather grew warmer 
the ice loosened from the pipe and, rising by its 
buoyancy), knocked the platform off and sent a cylin- 
der of ice 20 ft. or more above the top of the pipe. 
Within an hour of the time this happened two per- 
sons had been taking a view from the top of the 
stand-pipe. Had they been an hour later they would 
have met their death in a fall of 230 ft. After 
this we added 6 ft. to the pipe, letting it project 
above the platform, thus oibvlating danger of the 
kind above described. The present height of the 
stand-pipe is about 251 ft., exitensions having been 
made from time to time. 

It is obvious that the danger here described de- 
mands close consideration not only from those re- 
sponsible for the safe use of stand-pipes, but also 
from the designer who may favor the practice of 
roofing them. It is, moreover, a fact which 
invites studioas attention, that a brick casing with 
an intervening air space shotfld have permitted the 
formation of Ice to the extent above recorded. In 
seeking an explanation of this fact, it should be 
noticed thatl the conditions existing in the case un- 
der consideration seem to have been abnormal, not 
only as regards the small diameter and great height, 
but also in relation to the much-exposed site and 
the extreme severity of the season. The last-named 
element must have effected both a reduction in the 
temperature of the water pumped into the stand- 
pipe and also an increased rate of radiation of heat 
from the stored water. 

References.— Oorresppndence with Mr. Wm. W. Reed, 
M. Am. Soc. O. B.. mie, fPa. (1894). 
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Wilmington, N. C, 1881. 

A 20 X 70-ft wrought iron stand-pipe, which was 
built in 1881, at Wilmington, N. C, had no metal 
bottom or anchorage. It appears that the stand- 
pipe was designed without engineering assistance 
of any kind, and that the bottom was left out to re- 
duce the cost, the contractor claiming that it was 
nnndcessary. Two unsuccessful attempts were 
made to secure a tight connection at the bottom: 
First, by means of a 12-in. bed of concrete inside 
the stand-pipe, and again by calking a joint in lead 
which was poured into a recess picked into the ma- 
sonry, around the rim under the base angle. A 
third and successful attempt was made by putting 
a wooden bottom into the stand-pipe. This bottom 
or floor was made of two thicknesses of 3-in. yel- 
low pine plank, laid so as to break joints, all joints 
being filled with oakum, and then coated with pitch, 
and was laid on a bed of cement mortar. To pre- 
vent the bottomi from floating, short braces bearing 
against the second course of plates were inserted. 

Thia seemingly unimportant incident is here pre- 
sented as an illustration of the absurd practice 
which may be imposed upon well-intentioned parties 
through their failure to employ competent profes- 
sional advice. 

(This stand-pipe was extended to a height of 90 
ft. in Novemlber, 1882, by means of a floating 
staging.) 

References.— Engineering News, Vol. X., p. 153 
(March 31, 1883); Vol. XXIX., p. 578 (June 22, 1893). 
Journal of the New Bngkind Water-Works Associa- 
tion, 1803, p. 68. Ck>rre8pondence in 1894 with Mr. 
J. C. Chase, M. Am. Soc. O. B., Suoerlntendent and 
Engineer Clarendon Water- Works Co., Wilmington, 
N. C. (who took cOiarge of the works after the stand- 
pipe had been erected). 

Holbrook, Mass., October, 1887. 
In October, 1887, during a gale of wind, the SO x 
112-ft. wrought iron stand-pipe at Holbrook, Mass., 
was lifted repeatedly about three-fourths of an inch 
on the windward side, although no damage what- 
ever resulted dther to the tank or the foundation. 
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The following facta relative to the incident are 
given by Mr. Freeman 0. Ooffin, M. Am. Soc. C. 
B., who was principal assistant to Mr. M. M. 
Tidd, M. Am. Soc. C. E., the Engineer of the Hol- 
brook Water- Works: 

Mr. Tidd had requested the commissioners to have 
some water pumped Into the tank with a steamer (the 
stand-pipe having just been completed and connection 
with the mains not having yet been made), as he 
feared the wind; but they thought his fears unneces- 
sary, and allowed It to remain empty. I was in Hol- 
brook on the day of this high wind and visited the 
pipe to see the effect. I found that with each strong 
gust the pipe rocked upon the foundation and lifted 
oa the windward side about % in. I immediately got 
one of the commissioners to go there and see it, after 
Whlcli he hastily secured the town steamer "''d about 
1,000 ft. of hose and pumped about 12 ft. depth of 
water into the tank from a small adjacent pond. This 
held the pipe l\jPLQly to the foundation until the pump- 
ing plant was completed. 

1 do not thlni that any wind that we have here 
would have blown It over, but I waa afraid of the 
action on the foundation. I not1<ced no vibration of 
tb« sld"?*. Tho top was tlioroughly stiffened by an 
ai/irys vrM. 

Mr, Coffin is unable to give an estimate of the ve- 
locity of the wind at the time, but the following 
record of maximum wind velocities, recorded at 
Bine Hill, about six miles from Holbrook, furnish 3d 
by Mr. William Jackson, M. Am. Soc. C. E., City 
Engineer of Boston, from the New England Me- 
teorological Report for 1887, may serve to throw 
some light upon the matter; corresponding figures 
for Boston, from the "U. S. Monthly Weather Re- 
view," are given in the second column: 

Maximum wind velocity, 

miles per hour. 

Blue Hill. Boston. 

September 35 30 

October 54 40 

November 49 42 

The three months are given owing to a possible 
uncertainty as to the exact date of the occurrence 
at Holbrook. 

In neither of the above is it stated whether the 
recorded velocities are the actual maxima or the 
maximum averags velocities for an hour. It seems 
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protable that the velocity of the wind at the time 
of the incident under consideration was, upon the 
basis of the above records, in the neighborhood of 
50 miles per hour. 

Through the courtesy of Mr. Thomas Gunning- 
ham, General Manager of the Cunningham Iron 
Works Co., of South Boston, Mass., the firm which 
built the Holbrook stand-pipe, the following data 
have been secured: 

The stand-pipe at Holbrook, Mass., is 30 ft. in diam- 
eter and 112 ft. in height. It was built In 1887, of 
refined iron of 50,000 lbs. T. S. The bottom is % in. 
thick, flanged to the eSiell. The thicknesses of the 
shell plates are as follows: 

First 15 ft % in. thick 

Next 20" %" " 

(4 20 ** %** ** 

(( 20 ** ••••• i !'!!!!,! %** ** 

" 20 ** !!!!!!*!!!!*. m.*. ...1... % ** ** 

** 17 ** nil*. *!*1**. !**! % ** ** 

The angle at the top is 3% x 3^^ x % in. The weiglit 
of the tank, including the rivets (5,000 lbs.), is 297,3.U 
lbs. 

While the Hoilbrook stand-pipe was not in the 
least injured by the slight lifting or rocking motion 
which it underwent, the incident seems to warrant 
the attention here giveni to it because of the possi- 
bility that the facts thus brought together may serve 
to throw some light upon the important question 
of wind action upon stand-pipes. Bven though, 
as above stated, it was not at the time of the in- 
cident feared that the stand-pipe might actually bf^ 
overturned, experience elsewhere has shown that 
the damage resulting from deficient or absent 
anchorage may not be confined to the foundation, 
but that the motion at the base, even when Might 
in amount, may greatly augment the vibrations of 
the thinner plates in the upper portion. The fact 
that DO such damage resulted in the case under 
coTiHid'^ration would seem to be rather a compliment 
to the excellent quality of this particular structure 
than an approval of tlip praetieo of omitting anchor- 
age upon the sdo ground that the probability of the 
8tand-i)ipe actually overturning may be somewhat 
remote. 
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The above data relative to the dimensions and 
weight of the stand-pipe in question are of an un- 
usually definite <!'haracter, and the figures bearing 
upon the maximum velocity of the wind are prob- 
ably ds reliable as it may ordinarily be possible to 
secure. In recognition of this fact, further atten- 
tion fwill 'be directed to the above data in the dis- 
cussion which will conclude Api>endix I. Tt is 
suflScient here to state that the recorded maximum 
velocities are in this, as in other cases, wholly insuf- 
ficient to account for the lifting of the structure, 
and the conclusion already stated at several points 
in the body of this record that the phenomenon must 
be assigned to the synchronous pulsations of the 
wind storm and the metal shell, seems to apply with 
equal force in this case. 

References.— Journal of the New England Water- 
Works Association. 1893, p. 204. Engineering Record, 
Vol. XXVII., p. 216 (Feb. 11, 1893). Ehigineerlng News, 
Vol. XXIX., p. 243 (March 16, 1893). U. S. Monthly 
Weather Review, 1887, pp. 262. 294 and 316. Ck>rre- 
apondence (in 1894) with Mr. Freeman O. Coffin, and 
Mr. Wm. Jackson, M. Aim. Soc. C. E., City Engineer 
of Boston, and with Mr. Thos. Cunningham, of South 
Boston, Mass. 

Hampton, la., March 26, 1893. 

A fall of Ice in the 10 x 110-ft. steel stand-pipe at 
Hampton, la., on March 26, 1893, resulted in 
damage of a striking character. The manhole con- 
nections were burst asunder, but fortunately the 
rupture did not eltend beyond the one plate to 
which those connections were riveted. The water 
merely emptied itself through the orifice so formed 
and no further damage was sustained. The torn 
plate was replaced and the structure has since been 
in continuous service. The followdng account of 
the accident and of the conditions preceding and at- 
tending it has been obtained through the courtesy 
of Prof. A. Marston, M. Am. Soc. O. B., of Ames, 
and Mr. W. B. Hoxie, of Hampton, la.: 

It had been extremely cold for several days. On 
the night preceding the accident the stand-pipe was 
pumped full, and it Is believed that the mass of Ice, 
consisting of a column or tube probalbly 40 ft. in 
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height, which had formed in the stand-pipe, was frozen 
fast to the sides at the top. The consumption of water 
daring the night was such that the water level was 
not more than 30 or 35 ft. above the base on the moni- 
ing in question. March 26. the date of the accident, 
was Clear and was marked by a considerable thaw. By 
9 a. m. the influence of the solar heat upon the metal 
shell of the stand-pipe served to loosen the hold of 
the mass of Ice above so that* it fell. The damage 
was confined to the plate on the southwest side, which 
contained the manhole. The manhode connections were 
torn loose and the hole was enlarged, allowing the 
water to empty without further damage. The char- 
acter of the iractu *e indicated that the steel plate was 
of excellent quality, the edges of the hole resembling 
those of a bullet hole in a sheet of tin plate. 

The dangers to be feared from the action of ice 
within a stand-pipe are set forth with renewed em- 
phasis by the accident above described. The most 
important obfierration bearing apon this case is 
found in the indisputable evidence which it presents 
in favor of plate-metal having high ductility, for 
had the plate been brittle in Character there Is little 
doubt that the structure would have failed totally. 

References.— Correspondence (in 1895) with Prof. 
A. Marston, iM. Am. Soc. C. E., of Amos, and with 
Mr. W. E. Hoxie, of Hampton, la. 

Dodge City, Kan., July 1, 1803. 

The 12 X 100-ft. wrought iron stand-pipe built in 
1886, at Dodge CHty, Kan., failed during a violent 
windstorm at 7:55 p. m., July 1, 1893. The fol- 
lowing information relating to the structure and 
its failure has been obtained from Prof. E. G. 
Murphy, of Lawrence, Kan.: 

The foundation of the stand-pipe, consisting of sand- 
stone masonry, is on a hill 130 ft. above the Arkansas 
River. The plates were of iron, %♦ in. in thickness at 
the bottom and %• In. at the top, horizontal Joints be- 
ing single riveted, the vertical Joints double riveted; 
the rivets were % in. In diameter. Tliere were six 
%-in. iron guy rods attached to the pipe 75 ft. from 
the foundation, and connected to masses of masonry 
90 ft. distant from the foundation. Two of these were 
at the northeast point, two at the southeast, one at 
the northwest and one at the southwest point. There 
were also In addition to these two wire guys added 
five years after erection, one at the northeast, the 
other at the southeast point. There were stiffening 
angles at both the top and bottom of the pipe. 

• Probably % or 6-16 in. 
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The pipe leaned a little to the west, the two wedt 
guy rods being slack, while the four on the east side 
were taut. It was to correct or prevent further 
leaning that the two wire guys were added. The lean- 
ing was caused by the settling of the foundation on the 
west side. The opening for flushing, which was on 
the west side, leaked, saturating the ground on that 
side. It is not known when it began to leak. The 
pipe is said to have been full of water at the time it 
failed. The northwest guy rod broke 5 ft. from its 
anchor, at its union with the link; one of the north- 
east guy rods broke 20 ft. from its anchor at a link; 
the wire rope fastening at the top of the pipe failed. 

The pipe failed in four places: (1) At. the base, the 
first course tearing away from the bottom, leaving the 
latter in place; (2) between the 6th and 7th courses; 
(3) between the 11th and 12th courses; (4) a nearly 
vertical break between the 7th and 11th courses. 

The pipe fell in a direction appiroximately south, the 
lower end now being at a distance of 12 ift. from the 
foundation. 

The storm which 'led to the destruction of the 
stand-pipe is described &a follows by the V. S. 
Meteorological Observer at Dodge City: 

I observed the storm very closely. It came with 
great force in gusts from the north and northwest, 
but there was no whirl to it. The maximum velocity 
of the wind for five minutes was 64 miles per hour 
from the northwest. The extreme velocity (one mile 
In the shortest epace of time) was 60 miles per hour. 
The maximum hourly velocity was only 30 miles. I 
think the wind blew much harder at the stand-pipe 
than at the oluervlng station, because of the much 
exposed site of the former. Numerous chimneys and 
outbuildings about the city were blown down. 

Unusual interest centers in the failure of the 
Dodge City stand-pipe, since it is the first total 
failure of a full tank here recorded in which the 
action of the vvind was distinctly the cause. Care- 
ful consideration of the probable force exerted upon 
the cylinder by a 60-mile wind and of the weight 
of the full tank, even neglecting the additional 
stability afforded by the guys, gives no support 
whatever to the theory that the mass of water 
contained in the tank was actually lifted pre- 
vious to the failure. In fact, the above-quoted 
statement by Professor Murphy, relative to the 
fracture about the base, and the undisturbed bot- 
tom indicates that the bedplate was held tightly 
in position by the hydrostatic pressure, supple- 
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mented by snch adhesion as may have existed be- 
tween the bottom of the tank and the mortar bed 
beneath it. It is, of course, certain that the guys 
attached to the north half of the stand-pipe must 
have given way before the metal shell could fall 
to the southward. This fact suggests the theory 
that the single northwest guy rod ruptured at a 
weld under the action of the violent gusts of wind, 
followed, perhaps, by the similar failure of a part 
or ail three of the northeast guys; then, with the 
unbalanced guys acting at a point 75 ft. from the 
base, probably much augmented by their whip-like 
motion, and combined with the vibrations of the 
metal shell, rupture took place near the base on 
the windward side. 

In the light of a careful analysis of the conditionfl 
above outlined, allowing for a reasonable multipli- 
cation of energy due to the concurrence of gusts and 
vibrations, it may be remarked that the strains 
thus accounted for are not great enough to explain 
the fracture of sound plate metal with fair 
riveted work. The conclusion is therefore reached 
that a flaw existed, probably in the row of riveting 
about the base angle on the windward side. It 
seems worthy of remark that the structure prob- 
ably would not have failed had not the unbal- 
anced pull of the guys increased quite materially 
the tensile stress in the metal on the windward 
side. Thus it is seen that guys provided for the 
purpose of ensuring stability in the stand-pipe may, 
by the failure of a portion of them, prove a source 
of danger to the structure. In another place in this 
record reference has been made to the wisdom of 
using more than four holding-down bolts when 
stand-pipes are anchored at the base. This ob- 
servation, it 18 seen, applies with like force to the 
use of guys. 

References.— U. S. Monthly Weather Review, 1803, 
. 204. Engineering News, Vol. XXXH^ p. 257 (Sept. 
7, 1894). Correspondence with Prof. B3. 0. Mnrphy. 

of Lawrence, Kan., and with the U. S. Meteorological 

Observer, Dodge City, Kan. (1894). 
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East Providence, R. I., Aug. 29, 1893. 

As already stated in the original record, the then 
40 X 120-ft. steel stand-pipe at East Providence, R. 
I., was lifted % in. or more on its windward side 
during a gale which prevailed on Aug. 29, 1898, 
some nine days previous to the collapse of the up- 
per portion of the stand-pipe. In connection with 
his description of the collapse of Sept. 7, Mr. J. J. 
Luther, Superintendent of the East Providence 
Fire District, thus refers to the earlier occurrence: 

In the gale of Aug. 29. 1893, it Ulew hard enough to 
raise the pipe on the windward side some 4 or 5 Ins. 
It would spring in and out and rattle like a sheet of 
zinc when 8>halsen. We pumped It full of water the 
next day, the first water that had been In except to 
test the bottom, and it leaked the least trifle. 

Mr. Geo. H. Leland, Assistant to the Chief En- 
gineer of the East Providence Water-Works, de- 
scribes the same occurrence in Engineering News 
of Jan. 25, 1894, in connection with an account 
of the final failure of the stand-pipe, whicTi took 
place on Jan. 19, 1894, as follows: 

On Aug. 29, 1893, a severe windstorm struck the 
stand-pipe, which was then completed to 120 ft., with 
the exeep>tion of two plates in the last or 24th course. 
During this storm the top swayed in and out like a 
large tree. The bottom on the windward side would 
lift from the foundation % to % in. It was estimated 
that the wind at this time wais blor^-ing 60 miles per 
lioiir, but no harm was done to the stand-pipe at that 
time. 

The estimate of the velocity of the wind above 
quoted is confirmed by copies of the record taken 
from the self-registering anemometer located at 
Providence, R. I., dia;ta from which have been ob- 
tained through the courtesy of Mr. J. Herbert 
Shedd, M. Am. Soc. C. E., City Engineer. Ref- 
erence to the "U. S. Monthly Weather Review" 
shows that the storm of. Aug. 29 was severe in 
character over a considerable area, as is shown 
by the following velocities: 

New York city 64 miles per hour 

New Haven, Conn 57 " «* " 

New London, Conn 67 " " " 
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An interesting and perhaps instmctiye observa- 
tion may be reached by a comparison of the 
characteristics of the storm of Aug. 29, above de- 
scribed, with those of the storm of Sept. 7, which 
resulted in the collapse of the upper portion of the 
stand-pipe. The following statement, relating to 
the storm of the latter date, was obtained through 
the courtesy of Mr. Samuel M. Gray, M. Am. Soc. 
O. E., Chief Engineer of the East Providence 
Water-Works: 

The wind came in the form of a small cyclone, and 
only lasted 10 or 12 minutes, occurring about 7:50 p. m., 
when no one was present. In my opinion, it is quite 
probable that the stand-pipe did not lift from its 
base at this time, as the wind came on very suddenly. 

Considering the difference in the nature of the 
two windstorms, that of Aug. 29 having been a 
gale, with frequent spurts of high velocity, but very 
short duration, while that of Sept. 7 was a "heavy 
blow," comparatively steady in force, followed by 
a single cyclonic burst of velocity lasting some ten 
minutes, there seems to be a sufficient explanation 
of the apparently anomalous occurrence of a lift- 
ing without collapse during the earlier storm, and 
a collapse without lifting during the latter. It is of 
interest in this connection to observe that with the 
two plates lacking in the 24th course on the earlier 
date, the ability to with'stand a collapsing strain 
was doubtless less than on the latter when this 
deficiency had been supplied. 

This reference to the East Providence stand-pipe 
for the third time in this record has been sug- 
gested by a similar incident at Holbrook, Mass., 
which has been described. Attention is again di- 
rected to the renewed discussion of the action of 
wind upon stand-pipes, which will be found at the 
conclusion of this Appendix. As will there be shown, 
and, as has been asserted in other and similar 
cases in these pages, the tilting of the East Provi- 
dence stand-pipe may be accounted for only in the 
accumulation of energy by the concurrence of vi- 
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brations of the stand-pipe and gusts of the wind- 
storm. 

References.— Engineering News, Vol. XXX., pp. 205. 
237 (Sept. 14. 21, 1893). Engineering RecoiST Vol! 
XXVIII., p. 208 (Oct. 7, 18931. TJ.S. Monthly Weather 
Review, 1893, pp. 239, 266. Engineering News. Vol. 
XXXI., p. 76 (Jan. 25, 1894). En^eering Record, Vol 
XXIX., p. 135 (Jan. 27, 1894). Correspondence with 
the City Engineer, Providence, R. I., and with the 
Chief Engineer of the East Providence Water-Worlts 
(1894). 

Holdrege, Neb., April, 1894. 

The 15 X 110-ft. steel stand-pipe, built in 1888, at 
Holdrege, Neb., was observed to be leaning to- 
ward the loath soon after its completion, and the 
inequality in settlement continued until the de- 
parture of the top from its original position reached 
54 ins. It leaked badly from the time it was first 
filled, and although this evil was somewhat reduced 
by periodical calking, it was not entirely reme- 
died until April, 1894, when the tank was emptied 
for the purpose of restoring it to a vertical position. 
The latter was accomplished by means of two T- 
rails bolted about the tank near its base, serving 
as a bearing for five jackscrews. It was found 
that the most serious leakage resulted from a 
crack, which originated in the base angle on the 
south side and extended some 16 ins. upward into 
the first course of plates, and also from the break- 
age of the threaded collar which was riveted to the 
bedplate, and Into which the inlet main was 
screwed. 

The foundation of the stand-pipe is of good qual- 
ity, and consists of arched sandstone masonry, 
with a footing of concrete 3 ft. in thickness. It 
must have settled as a unit, since no cracks 
were viei'ble in the arch. 

It is evident that the settlement was due to the 
saturation, and, perhaps, also to an inequality in 
the bearing power of the substratum. The break 
in the threaded collar seems to have resulted di- 
rectly from the strains induced by the excessive 
settlement. That in the base angle and plate 
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was apparently traceable to flexural strains in- 
duced in the angle by the deterioration of the 
cement bed under the bottom about the edges, the 
action of frost and thaw being greatest on the 
south side. 

Considering the grievous condition of the Hol- 
dredge stand-pipe at the time when the repairs were 
undertaken, there is much cause for congratulation 
in the fact that its total failure has not been re- 
corded. 

References.— Engineering News, Vol. XXXI., p. 431 
(May 24, 1894). Correspondence (In 1894) with Mr. M. 
D. Case, oif Atlanta, and Mr. B. A. Howard (the con- 
tractor who repaired the stand-pipe), of Holdrege, Neb. 

Billingsport, N. J., May 15, 1894. 
About May 15, 1894, the floor timbers under one 
of two wooden tanks, which were supported 
uiwn a timber framework, at Germania Park, near 
Billingsport, N. J., gave way, the entire structure 
being wrecked. Each tank was 13 X 13 ft. They 
were placed one above the other, the elevation of 
the higher tank being GO ft. The floor system un- 
der the tanks, consisting of 6 x 12-in. hemlock 
joists, is said to have been too weak, although it 
is not stated whether the deficiency was in the 
spacing or the quality of the timbers. 

Reference.— Correspondence with the Germania Park 
Co., Billingaport, N. J. (1894). 

Bayshore, N. Y., May 20, 1894. 

On May 20, 1894, at about 5 p. m., the flanged 
connection of the supply pipe to the 20 X 150-ft. 
stand-pipe at Bayshore, L. I., cracked during a se- 
vere gale of wind. The following communication 
relative to the accident from Mr. E. R. Smith, of 
Islip, L. I., appeared in Engineering News of May 
24, 1894: 

The shank of the supply pipe cracked from the flange 
througli the lower semi-circumference, at the end 
which is bolted to the stand-pipe, as shown In the 
accompanj-iing slcetch (Fig. 28). The stand-pipe was 
nearly full at the time of the accident, and the break 
was undoubtedly caused by the vibration of th* stand- 
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pipe, due to the hig<h wind blowing a gale from Mie 
east, the supply pipe being at the opposTte side. Th. 

 ilt in 



stand-pipe was bull 



1^. 



The following additional facts have been ob- 
tained by personal communication from Mr. Smith: 

The foundation of the stand-pipe Id of grouted brick 
HMisonry, the depth of which is 3% ft., tne diameters 
being 20 and 23 ft. at the top and bottom, respectively. 
The foundation rests upon a stratum of sharp quartz 
sand containing a little gravel. This stratum extends 
to an indefinite depth, and it is regarded locally as 
practically incoanipresslble, the slight settlement which 
does take place being as a rule perfectly uniform. The 
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FIG. 28. BREAK IN SUPPLY MAIN TO STAND-PIPE AT 

BAYSHOEE, L. I. 

Stand-pipe is located on low ground, and springs are 
encountered at a depth of about 2 ft. 

The inlet pipe being on the W. S. W. side of the 
stand-pipe, is little aflfected by any slight movement 
which may take place under the action of the heaviest 
winds in that locality, they being most common in the 
northwest and southeast. The storm of May 20, 1804, 
from the east and northeast, was the heaviest known 
for y/ears from that direction. 

Rope guys had been secured to eyes located some- 
what more than half-way up the sides of the stand- 
pipe, but they were never secured at their lower ends, 
and some months ago when the stand-pipe was painted 
they were taken down. No anchorage whatever at 
the base was provided. 

The U. S. Weather Bureau records show that 
the maximum velocity attained by the wind during 
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the storm in question was 34 miles per hour at 
New York city between the hours of 5 and 6 p. m. 
on the above-mentioned date, the same velocity hav- 
ing been observed a few hours earlier at New 
Haven, Conn. 

While the opinion above quoted, that "the break 
was undoubtedly caused by the vibration of the 
stand-pipe due to the high winds," is confirmed by 
a consideration of all attending circumstances, it is 
important to observe that the force required to 
stir bodily the "nearly full" 20 x 150-ft. tank 
(weighing not far from 3,000,000 lbs.) was far in 
excess of thet which could have been exerted by a 
storm having a maximum velocity no greater than 
was recorded in that locality during the same 
storm; and, furthermore, the assertion just made 
is true even of the greatest wind pressures yet re- 
liably recorded in any locality. Such being the 
case, it becomes necessary to seek an explanation 
through another channel. 

It is stated that the lower elbow of the down- 
ward turn to the supply pipe was entirely clear of 
the brick masonry of the foundation, so that what- 
ever settlement had taken place during the period 
of about four years from the time of comple- 
tion of the stand-pipe must have had the effect of 
developing in the rigidly-connected flnaged castings 
a condition of flexural strain. The severity of 
these strains would depend upon both the rigidity 
of the connections and also the hardness of the 
stratum upon which the adjoining supply pip* 
rested, and they would seem to have been most se- 
vere at the point of fracture shown in Fig. 28. 

Taking into account all known conditions, il 
would seem that because of the unusually gusty 
character of the gale in question, vibrations wen» 
set up in the less rigid upper portion of the nearly 
full etand-pipe, and that these vibrations, prob- 
ably growing sharper and sharper under the con- 
current action of a series of spurts of the storm, 
were transmitted through the thicker plates be- 
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low to the rigidly connected and previously over- 
strained supply pipe. It is scarcely necessary to 
add that this theory is confirmed by the character- 
istic tendency of cast iron to fail suddenly under 
slight impact when suffering internal strain, and it 
also seems to be in full accord with the position and 
extent of the crack, as shown by Pig. 28. 

The most striking lesson taught by the occur- 
rence above described is the need of having such 
a degree of flexibility in connections of this class as 
to avoid strains of a severe kind under the ac 
tion of vibrations or slight movements in the stand- 
pipe. It is stated by Mr. Smith that this need has 
been recognized, and that provision has been mad(^ 
for it by the use of a flexible connection in making 
the repairs. 

References.— Engineering News, Vol. XXXI., p. 432 
(May 24, 1894). Correspondence with Mr. B. R. Smith, 
of Isllp, L. I., and with the chief of U. S. Weather 
Bureau, Washington, D. 0. (1894). 

Pana. Bl., June, 1894. 
The 20 X 100-ft. stand-pipe, which w^s com- 
pleted and put into service at Pana, HI., in June, 
1894, was observed to be out of plumb shortly after 
it had been put into use. An examination at the 
time revealed no defect either in the foundation or 
elsewhere In the structure. The stand-pipe was 
found to be 5 ins. out of plumb. The above infor- 
mation was obtained from Vorhees & Witmer, En- 
gineers of the Pana Water- Works, who have also 
given the following details of the foundation and 
explanation of the trouble: 

The foundation is a monolith of Portland cement 
concrete extending eight feet below the surface of 
the ground, where It rests on a compact, gravelly clay, 
so hard that it required picks to remove it. 

We cannot offer any gooa explan itlon of the trouble 
except that when the stand-pipe was first filled the In- 
let pipe broke, letting the water out. Although It 
drained off quite rapidly through a trench, the water 
may have softened the earth under that side of the 
foundation (which up to that time had been exceed- 
ingly dry) and rendered it more compressible. It is 
toward this side that the stand-pipe leans. It would 
require a settlement of only 1 in. on that side of the 
foundation, if the other side remained firm, to divert 
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the top of the pipe 5 Ins. The weight on the toll 
under the foundation. Including water, steel and foun- 
dation, Is 1.44 tons per sq. ft., which Is certainly not 
severe for such soil as that under this foundation. 

The stand-pipe has remained in nninterrapted ser- 
vice. It is stated that little apprehension is felt as 
to the safety of the structure, as it is believed that 
the foundation has settled intact toward the one 
side. 

References.— Correspondence with the desiring and 
constructing engineers. Pana Water-Works (1895). 

Newport, Ark., July 9, 1894. 
On July 9, 1894, the elevated wooden tank of 
the Newport (Ark) Water Co. fell to the ground, 
a total wreck. This tank was a duplicate of that 
which failed at Newport by the bursting of a hoop 
in May, 1887, as described in the original record. 
The diameter of the tank was 24 ft., and the 
staves were 20 ft. long by 3 ins. thick. The hoops 
were 20 in number, ranging from 3% to 7 ins. 
wide, and having a thickness of 3-16 in. through- 
out. The diameter of the draw-bolts varied from 
% to 1% ins. No information as to the supporting 
tower is given, except that its height was 100 ft. 
and that it was built of timber. 

The cause of the accident is not stated, but there 
is little doubt that it was due to the deterioration 
of the supporting frame. Early in 1893 the neces- 
sity of renewing or reinforcing the frame was recog- 
nized, and about a year previous to the failure a 
proposal to replace the wooden frame by a steel 
trestle tower, with the view to a subsequent re- 
newal of the tank, when required, was received and 
seriously considered. It seems, however, that the 
water company, for some reason, deferred action in 
the matter too long, resulting in the serious con- 
sequences above recorded. It is stated that the 
third structure will consist of a steel tank of the 
same diameter and height as the former wooden 
tanks, and that the support will be a brick tower 
100 ft. high. 
References.— The Little Rock (Ark.) Gassette (Nov. Jo, 
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1894). Correspondence (In 1893) wltli the Newport 
Water Co. 

Salem, So. Dak., July 13, 1894. 

A 16 X 24-ft. elevated wooden tank, connected 
with the water-works at Salem, So. Dak., failed on 
July 13, 1894. The following particulars regard- 
ing the tank and its failure were contributed by 
Mr. M. A. Blackburn, Engineer and Superin- 
tendent : 

The foundation consisted of six masonry piers, eadi 

11 ft. long, 18 ins. tliick at the top. 3 ft. thick at the 
bottom, and 3 ft. deep. On these piers were laid 12 x 
14-ln. timbers 10 ft. in length, upon whidb stood twelve 

12 X 12-in. vertical posts 20 ft. high. These were braced 
by &4n. timbers, and tied by %-ln. iron rods. The 
posts were capped by 12 x 12-in. timbers, two 28 ft. 
and two 16 ft. in length, which in turn supported 2x 
14-in. Joists, 12 ins. c. to c. The Joists were uot 
bridged, but were doubled beneath the central part 
of the tank. It was these Joists that crushed and 
lopned over, causing the hoops of the tank to burst. 
A double floor of 1-in. boards was nailed to the Joists. 
and upon this floor 4 x 0-in. **chime-posts" were placed 
to support the tank bottom. As the stone foundation, 
trestle-tower and cap timibers were level and plumb 
after the wreck, it is hardly possible that any defect 
in those respects caused the trouble. The tank was 
a regular 16 x 24-ft. structure. 

Two eye-witnesses, one the assistant engineer, say 
they heard a noise as though some one was pounding 
on the hoops. On looking up they saw the tank set- 
tling to one side slightly. It then settled down, and 
at the same instant the hoops be«an bursting from the 
bottom and ripped upwards. The staves and water 
went in all directions, and some pieces of hoop aud 
staves landed 150 ft. away. Fortunately no one was 
hurt. The pump house directly at the side of the tank 
was completely demolished, but the machinery was 
only slightly damaged. In rebuilding the tank, 3 x 10 
and 10 X 10-ln. Joists, spaced 8 ins. c. to c, were used. 

Although the supporting frame did not give way, 
the fact that the tank itself was demolished was 
taken to be suflldent reason to class the accident 
as a total failure in the final discussion. 

References.— Engineering News, Vol. XXXIL, pp. 63, 
114 (July 26, Aug. 9, 1884). 

Pelican Sawmill, La., Sept. 20, 1894. 
On Sept. 20, 1894, a timber trestle, built to sup- 
port two water tanks of 50,000 gallons capacity, at 
the Pelican Sawmill, New Orleans, gave way, and a 
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man engaged in painting the tanks was killed. 

The tower was 50 ft. high, built of timber 12 X 14 
ins., and the tanks are said to have contained only 
15,000 gallons of water at the time of the acci- 
dent. 

An attempt to secure additional information rela- 
tive to the causes leading to the failure was un- 
successful. 

References.— Engineering News, Vol. XXXn., p. 243 
(Sept. 27, 18J)4). 

Anthony, Kan., Jan. 20, 1895. 

The 12 X 150-ft. wrought iron stand-pipe at An- 
thony, Kan., was wrecked by a seveire windstorm 
during the night of Jan. 20, 1895. Pumping had 
ceased some six hours previous, and there was 
about 140 ft. of water in the stand-pipe at the 
time of the accident. The wind blew from the 
northwest, and the structure fell to the south- 
ward. The first course of plates was torn en- 
tirely loose from the bedplate, the water escaping 
at the base without -sernous damage to surrounding 
property. The metal shell was flattened out and 
was broken into three pieces by the force of the 
fall, as may be seen in the view of the ruins. 
Pig. 29. 

The stand-pipe was secured by ten guys, arranged 
in two sets of five each in alternation, attached 
to collars or rims at 12 and 42 ft., respectively, 
from the top. The lower ends of the guys were 
fastened to masonry anchors. No data were se- 
cured in redatioo to the thicknesses of the plates 
nor the details of the riveting. 

In seeking a cause for this accident, the evi- 
dent similarity between it and the Dodge City 
failure in all essential features leads at once to 
the belief that the same explanation applies to 
both. The theory already assigned for the Dodge 
City failure assumed the rupture of the windward 
guy or guys, so that the remaining guys acted 
to augment the strain at the base on the wind- 
ward side of the stand-pipe, where a flaw prob- 
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ably existed. While it mudt be graivted that the 
increased number of guys at Anthony tends some- 
what to discredit the theory as stated, it is here 
adopted as being the most plausible. It is yery 
certain that the wind could not have overturned 
the nearly full tank weighing not far from 1,000,- 
000 lbs. An inspection of the view, Pig. 29, in- 
dicates that the initial fracture occurred on the 
windward side in the line of single riveting at the 
edge of tiie bedplate. 

In the absence of holding-down bolts or other 
anchorage at the base of the stand-pipe, it is 
obvious that the rivets connecting the bed-plate 
to the base angle would be thrown in tension on 
the windward side in the event of the failure of 
the windward guys during a severe windstorm, 
assuming that the combined wind and guy mo- 
ment exceed the gravity moment of the tank it- 
self. The contained water serves to hold the 
bed-plate tightly to the foundation, and also has the 
effect to steady the metal shell as a whole under 
the action of the gusts of the storm. It is 
learned that the Aoithony stand-pipe had leaked 
about the base. It is very certain that poor work- 
manship would tend to increase the danger of a 
failure in the manner above detailed 

It is stated that the upper rim or collar to which 
the guys were attached was first carried away 
by the wind, but as is often the case in a wreck, 
il is manifestly difficult to distinguish between 
cause and effect, so that the ruptured collar may 
have been a result rather than a cause of the ac- 
cident. Further consideration will be given to 
. this and to the two related failures at Caldwell 
aud Dodge City, Kan., in the discussion at the 
conclusion of this Appendix. 

The following information relating to the storm 
which led to the Anthony failure was obtained 
through the courtesy of the local observers of the 
IT. S. Weather Bureau, at the nearest stations 
having self-registering anemometers: 
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VelocBity (miles 

Distance (miUes) per horur) and 

Observing station. and direction direction ot 

from Anthony, wind. 

Wichita, Kan 50 n.e. 41 n.w. 

Dodge City, Kan 116 w.n.w. 38 s.w. 

Oklahoma. Okla 120 s.s.e. 30 n.w. 

References.— Engineering News, Vol. XXXIII., p 97 
(Feb. 14, 1895). The Anthony (Kan.) "Republican," 
Jan 25, 1895. Correspondence with the SuperlntendAuc 
of the Anthony Water-Works, and with U. S. Weather 
Bureau Observers, as noted above (1895). 

Thibodaux, La., March 29, 1895. 

On March 29, 1895, the 12 x 115-ft. steel fitand- 
pipe at Thibodauz, La., while being filled for the 
first time, was observed to be settling unequally 
when about two-thirds full. It was emptied im- 
mediately for the purpose of investigating the cause 
of the trouble. The results of the investigation have 
not been learned.* 

The thickness of the plates ranged from % in. 
at the base to % in. at the top of the stand-pipe. 
The foundation consisted of concrete and brick- 
work 8 ft. in thickness. 

References.— New Orleans (La.), "Times-Democrat,** 
March 27, 30, 1895. 

Griswold, la., April 13, 1895. 

On April 13, 1895, the 10 x 100-ft. stand-pipe 
at Griswold, la., when filled for the first time be- 
gan to settle to one side, the top of the structure 
moving 2 or 3 ft. out of plumb. Owing to lack of 
time, further information couild not be obtained be- 
fore going to press. 

References.— The Atlantic (la.) "Telegraph,** April 
17, 1895. 

Discussion. 

The number of cases included in this Appendix is 
hardly such as to demand a tabulated classifica- 



* A press de8pat)ch to the New Orleans "Pioaynne." 
dated April 20, states: **The tower of the water- 
works plant has been filled to its full capacity and 
now 8rtan<l8 perfectly pluirob.** 
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lion. The following brief summary will senre 
the purposes of the discussion: 

(1) Chicago, HI., 1854. 

Leaning brick tower. No damage. 

(2) Erie, Pa., 1872. 

Buoyant action of ice cylinder. Slight damage. 

(3) Wilmington, N. C, 1881. 
No bedplate. No damage. 

(4) Holbrook, Mass., October, 1887. 

Tilted slightly by windstorm. No damage. 

(5) Hampton, la., March 26, 1893. 

Manhole connections burst out by falling ice. 

(6) Dodge City, Kan., July 1, 1893. 

Wrecked during severe windstorm. Total fail- 
ure. 

(7) East Providence, R. I., Aug. 29, 1893. 
Tilted slightly by gale. No damage. 

(8) Holdrege, Neb., April, 1894. 

Leaked; leaned; base angle, first course plate 
and inlet pipe collar cracked. Slight damage. 

(9) Billingsport, N. J., May 15, 1894. 

Elevated wooden tanks; floor system gave way. 
Total failure. 

(10) Bayshore, N. Y., May 20, 1894. 

Shank of inlet pipe cracked during gale. Slight 
damage. 

(11) Pana, 111., Junb, 1894. 
Leaned. No damage. 

(12) Newport, Ark., July 9, 1894. 

Elevated wooden tank; frame gave way. Total 
failure. 

(13) Salem, S. D., July 13, 1894. 

Elevated wooden tank; floor system gave way. 
Total failure. 

(14) Pelican Sawmill, La., Sept. 20, 1894. 
Elevated wooden tank; frame gave way. Total 

failure. 
(lo> Anthony, Kan., Jan. 21, 1895. 

Wrecked by wind. Total failure. 
(16) Thlbodaux, La., March 29, 1895. 

Leaned. No damage. 
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(17) Griswold, la., April 13, 1895. 
Leaned. No damage reported. 
A review of the foregoing matter suggests several 
noteworthy observations, some of which were 
brought out in the original record. Of the new 
points here devdoped, reference may be made to 
the possibility of damage to the base angle by the 
deterioration of the mortar bed beneath the bed- 
plate about the edges. Another matter not en- 
countered in the original record is the need of pro- 
viding against strains in the inlet pipe at the point 
where it is connected with the tank or its founda- 
tion. This matter involves consideration of the set- 
tlement of the foundation itself, and the two are 
closely concerned in the importance of providing 
efficient drainage for the stand-pipe site. Still an- 
other related matter is the proper construction and 
maintenance of the seams, and this again bears 
upon the necessity of frequent attention to the 
preservation of the exposed metal surfaces from 
corrosive influences. 

In connection with the description of the acci- 
dent to the Stevens Point, Wis., stand-pipe in the 
original record, an account was given of experience 
with ice at that place along several lines, among 
which reference was made to the protrusion of the 
great tube of ice above the top of the stand-pipe. 
It is seen that the incident at Erie, Pa., described 
in this Appendix, is a similar illustration of the pos- 
sible buoyant action of ice in stand-pipes, and it is 
very evident that the danger to be feared from 
such an occurrence is by no means limited to the 
upward force. That force should have critical con- 
sideration when the use of a roof is contemplated, 
but it is important in all cases to recognize the 
imminent danger that may result from so enormous 
a weight becoming fastened in its elevated posi- 
tion, and subsequently falling when the stage of 
the water m low. Valuable corroborative proof 
tKi^f extreme caution is demanded during periods 
of alteffv]a4dnc tham and freeze is found in the 
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accident at Hampton, la. This danger seems to 
be greatest during the month of March. In this 
connection it seems timely to refer to the fact that 
the danger from such accidents may be even great- 
er in a locality where icy winters are the exception 
rather than the rule, for the reason that those re- 
sponsible for the safety of the stand-pipe are less 
apt to bo on the alert than where ice usually forms 
in excessive quantities. The subject of ice action in 
stand-pipes was quite fully considered at the con- 
clusion of the original record, but the importance 
of the subject warrants further reference to it. 

Referring to the omission of a metal bottom in 
the construction of a stand-pipe, it should be stated 
that such omission is not of itself alone to be 
condemned, as is conclusively proven by several 
stand-pipes which have been so built with entirely 
satisfactory results. However, where such a plan 
is adopted, it is clearly incumbent upon the de- 
signer and builder to provide the equivalent of the 
bedplate in tightness and safety by the use of 
correctly designed and executed calking grooves 
and shoes. 

The alarming frequency with which failures of 
elevated wooden tanks have taken place recently 
possibly warrants the inference that a financial 
policy, which has prompted the selection of a sup- 
posedly cheap structure, has been allowed to ob- 
scure the principles of genuine economy so far 
as to violate the essentials of safe construction. 
The recognition of the legitimate field of the tem- 
porary structure, and its unquestioned merits un- 
der certain conditions, does not, under any cir- 
cumstances whatever, warrant a sacrifice of the 
element of safety. 

Of the three agencies— water, ice and wind— which, 
it has been seen, may endanger the stand-pipe, less 
seems to be known of the action of the last named 
than of the other two. This fact warrants the 
introduction of any data which may serve to throw 
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li^rht npon this complex question, particularly since 
there seems to be a division of opinion among en- 
gineers as to the necessity of providing special 
anchorage for stand-pipes. 

In discussing Table V., of the original record, 
in which were grouped the "wind" accidents, the 
assertion was made that little reliance can be 
placed on gaged wind velocities.. That conclusion 
was reached only after repeated and unsuccessful 
attempts to reconcile computed pressures and ob- 
served phenomena in the cases investigated. The 
collection and consideration of other data of an 
exceptionally complete and reliable character 
throw new light upon the subject and prompt a 
a qualification of the assertion above referred to. 

It is the purpose of Table XI. to determine the 
possible influence of concurrent vibration and im- 
pact of the wind upon stand-pipes. In this table 
are grouped "data relative to Btand-pipes which 
have been lifted more or less on the windward side 
during violent windstorms." In addition to the 
two cases, Holbrook and Bast Providence, given 
in this Appendix, the table embodies data relating 
to the Kankakee and Plattsmouth accidents from 
the original record. In each of the four cases 
the tank was entirely empty at the time of the ac- 
cident or incident. In the first two cases no 
anchorage had been provided, because of the belief 
that none was needed. Holding-down bolts were 
provided in the other two, but owing to the de- 
ficient connection with the foundation in the case 
of Kankakee, and a defective bolt at Plattsmouth, 
the anchorage failed in both cases. 

Except in the matter of diameter and heights, 
no attempt at exactness has been made in the fig- 
ures contained in Table XI. Thus, in fixing the 
weights, that of the Holbrook stand-pipe is taken 
at 300,000 lbs., although its actual weight, as 
stated in the description of that incident, is some- 
what less than this amount. The weights of the 
other three fire i^lso approximate, having been con^- 
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pnted. Item (e) gives the horizontal static force, 
which, acting midway of the height, would be re- 
quired just to balance the weight of the empty tank, 
neglecting consideration of anchorace at the base, 
or adhesion of the bedplate to the foundation. The 
next item, (f), presents the mean pressure per 
projected square foot, found by the division of (e) 
by (c), the purpose of which will directly appear. 

Ih estimating the velocities of the wind, the near- 
est anemometrio^ records during the same storm 
have been utilized. These assumed velocities are, 
of course, subject to such errors as may result from 
local variations of intensity in the storm, but they 
are as nearly correct as it may ordinarily be possi- 
ble to secure, and, besides, it will be seen that they 
may be materially in error without nullifying the 
results and conclusions reached in the inquiry. 
The velocities assumed for Holbrook and East 
Providence are, it is believed, justified in the de- 
scriptions of those cases. In the case of Kan- 
kakee the assumed velo«ity is based upon observed 
velocities of 34 and 36 miles per hour at 
Springfield and Chicago, BL, respectively. The veloc- 
ity taken for Plattsmouth was fixed with respect to 
an observed velocity of 36 miles per hour at Omaha, 
20 miles distant. It should be stated that much 
higher values were assigned for these two cases 
in Table V., in an attempt to make the velocities 
more nearly consistent with the observed effect of 
the storm. The selection of even ten-mile values 
is in keeping with the approximate character of 
the table. 

The "corrected velocities" given under item (h) 
were obtained from the reduction table used by 
the U. S. Weatbe* Bureau in connection with the 
records obtained from the standard government 
anemometer.* 



• Following Is an extract fr«m the reduction table for 

2I®5Si.*®r;™2® velocities, taken from a circular lesuecl 
by ttio tJ. 8. Weather Bureau: «uou 
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In item (j) the pressure of the wind on the cylin- 
drical surface is taken at one-half that on a normal 
flat surface, having an area equal to that of the 
diametral plane of the cylinder. This assumption 
accords with the recommendations of Rankine (Ap- 
plied Mechanics, p. 240), and is supported by the re- 
sults of recent experiments by Professor Kernot, of 

the University of Melbourne.** It should be seated, 

   » - — 

Velocity indicated by standard U. S. Weather Bureau 

anemometer (velocity in miles per liour): 
0.0 10.0 2U.0 3U.0 40.0 50.0 60.0 70.0 80.0 90.0 

(jorrespoudiug corrected velocity; 
0.0 9.6 17.8 25.7 33.3 40.8 48.0 55.2 62.2 60.2 

The pressures stated in item (i) were determined by 
the substitution of the '^corrected velocities" iu the 
foilowmg lormula: 

P — 0.0040 V«. (1) 

in which P ^ pressure of wind in lbs. per sq. ft. and 
V =a velocity, of wind in miles per hour. 

In computing velocities correspuudiug to giveu press- 
ures, the following expression derived from (1) has 
been fouud convenient : 

V = 1/2 (1,000 P)V3 (2) 

E)quatiou (1) differs from the old Bmeaton rule for 
wind pressures only in the coefficient, the earlier value 
being 0.005. The form of this expres^sion has been 
criticised by some authorities, but its proper use seem» 
to be entirely consistent, at least until it is replaced 
by a idore trustworthy expression. The value of the 
coefficient was determined experimentally, but there 
is much need of more extended experiments which will 
include larger surfaces and higher velocities. In pre- 
senting this formula, the circular above referred to 
states that the ^'corrected velocities" are to be used. 
and in commenting upon both 'the reduction and press- 
ure formulas, it Is explained that while they *'give re- 
sults more nearly correct than before obtained, yet, ow- 
ing to the great difficulty of making accurate experi- 
ments at high velocities, these adopted values may 
ultimately need comparatively small corrections." 

The formula deduced by Prof. Langley. of the Smith- 
sonian Institution ("Experiments in Aerodynamics," 
1891), has the same form as (1), and Is probably the 
most trustworthy in use. The value of the coefflcieflt 
is 0.0036 for a barometric pressure of about 29 Ins. 
and temperature of 50* F. At a freezing teiT>pcrature 
and with a normal barometer the Langley c 'efficient 
is slightly less than that used in equation (1). 

••Recent experiments by Irmlnger, a Danish engi- 
neer (Engineering News, Vol. XXXIIl., p. 110, Feb. 
14, 1895), fix this ratio at 0.57. Bixby, an American 
authority (Engineering News, Vol. XXXIII., p. 183, 
March 14, 1895), adopts a value of 0.60 for use In 
bridge design. The use here of the somewhat smaller 
ratio of 0.50 does not affect the character of the con- 
clufilons reached by means of Table XL 
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also, that this is the usual assumption made in 
practice, although some use a -value as high as 
two-thirds. Item (k), corresponding to (f), is ob- 
tained in an obyious manner. 

The real purpose of Table XI. is fuliilled in 
item (1), in which are expressed what may be 
termed the ratios of "force exerted" to "force ap- 
parently available." That this ratio should ex- 
ceed four in one case^and seven in the other three 
is without question a startling fact. The close 
agreement in the ratios determined in three of the 
cases is not an essential feature of the investiga- 
tion, inasmuch as precision was not attempted in 
fixing the velocities. However, this agreement of 
results may be justly taken as a proof of the gen- 
eral correctness of the basis of the assumed data. 
It is of interest to observe that overturning took 
place only in the case having a low ratio, and it 
is seen that this structure also had the lowest fac- 
tor of stability. Careful consideration of the meth- 
ods by which these ratios were obtained in connec- 
tion with the information contained in the last 
item, (m) of the table, leads to the belief that the 
ratio in the case of Kankakee was probably consid- 
erably greater just previous to the failure of the 
anchorage. Since collapse took place after the 
failure of the anchorage in the last two cases, the 
increased pressure of the wind, due to the formation 
of the flattened top, has not been considered in the 
above investigation. 

The explanation of the paradox indicated by the 
Tf^ lilts in Table XI. is of a twofold character. 
First, and probably most important, is the 
element of coincident vibrations of the structure 
and gusts of the wind, to which reference has been 
made in various connections in both the original 
and supplementary records. The other agency 
to which reference is above made is the preva- 
lence in the storm of bursts of velocity, which were 
so momentary in their action as to find no recog- 
nition by the compar^tiTely sluggish anemometer. 
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That such is true even of winds of low velocity 
has been shown by recent experiments, in which 
auxiliary anemometers of an exceedingly delicate 
character were used. Thus, for example, it was 
found that with a wind indicating a velocity of 
but 20 miles per hour by the standard anemometer, 
registering only every mile of travel, the more 
sensitive instrument showed momentary spurts as 
high as 60 miles per hour. Simultaneous ob- 
servations of velocities and pressures made on the 
summit of Mt. Washington in 1890 developed a 
similar fact, as indicated by fluctuations in the 
pressure diagram. These experiments and the de- 
duction of the coef&cien,t of formula (1) were de- 
scribed in the valuable contribution on "Wind 
Pressures and the Measurement of Wind Veloci- 
ties," by Prof. O. F. Marvin, which appeared iii 
Engineering News of Dec. 13, 1890.* The con- 
cluding paragraph of the paper has a direct bear- 
ing upon the subject of impact of wind, and is as 
follows: 

In estimating the strains to which engineering struct- 
ures may be subjected by winds, the maximum press- 
ures are, of course, the most Important. Tl^e above 
formula gives a mean pressure corresponding to a 
mean wind velocity/. It Ls important to note that 
momentary pressures as much as 35% in excess of the 
above mean pressure may oonitinuaUy occur and recur. 
If their rate of occurrence be at all synchronous with 

* Since this reference to the Marvin experiments 
was put in type, a very elaborate and valuable mono- 
graph on **Wlnd Pressures In Engineering Construc- 
tion," by Capt. W. H. Blxby, M. Am. Soc. 0. B., has 
appeared (Engineering News, Vol. XXXIII., pp. 175- 
184, March 14, 1895). Careful study of the work re- 
ferred to confirms the belief that the premises upon 
which Table XI. and the accompanying discussion 
and conclusions are based are entlrelv sound, and 
that the methods adopted in the investigation accord 
with good current practice. The following quota- 
tion from the Blxby monograph (paragraph 126) Is of 
Interest in connection with the statement above from 
the Marvin article: 

"All high-wind velocities . . . may be subject to 
repeated oscillations of from 30 to 40% each way from 
the average at half-minute intervals fo*r several min- 
utes, and sometimes even to an Increase of 60% for 
nearly a wfliole mlnnte." 
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the natural time of vibration of the Rtructure or any 
part thereof, remarkable results may follow. 

The facts and statement above quoted, unde- 
niably find strong confirmation in item (1) of Table 
XI. In concluding this discussion of the action of 
wind upon stand-pipes, it seems proper again to 
comment upon the belief which seems to prevail 
in some localities, that stand-pipes do not ordinarily 
require other anchorage than is afforded by the 
dead weight of the empty tank. Even admitting 
that the probability of entire destruction of the 
stand-pipe by the action of wind may be exceedingly 
remote, the relatively small cost of providing 
against an emergency, which may occur in the 
life of almost every stand-pipe, seems to remove 
all defense of the omission of such provision. 

An effort was made to include in the above in- 
quiry the case of the Dodge City stand-pipe, but 
it was found impracticable to fix a definite basis 
for the effect of the guys. In fact, as already 
stated in the description of that accident, and the 
precisely similar one at Anthony, Kan., it seems 
very certain that the stand-pipes referred to 
would not have failed at all had not the guy ac- 
tion become unsymmetrical by the failure of the 
windward guys. Furthermore, it seems alto- 
gether plausible that the overturning of the guyed 
stand-pipe at Caldwell, Kan., in 1886, while empty 
during construction, described in the original rec- 
ord, was due to the same cause. The dimensions 
of these three guyed structures were quite similar, 
being 12 x 150, 12 x 100 and 12% x 150 ft., re- 
spectively. Perhaps the most interesting and also 
significant relation between them, however, is 
found in their geographical position, the three be- 
ing on an almost exact west-northwest line, the dis- 
tance from Dodge City to Anthony being about 115 
miles, and from Anthony to Caldwell about 25 
miles. These accidents raise the question of the pro- 
priety of depending upon guy anchorage alone, par- 
ticularly in the case of the type of tall and slender 
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stand-pipes that prevails in many towns of small 
size in the Western prairie states. It is believed 
to be a wiser plan, and the one toward which a 
number of careful designers seem to be tending, to 
secure a widened base by means of properly de- 
signed brackets, and to stiffen the upper portions 
of the stinioture so that guys are unnecessary. 

In conclusion, it seems desirable to summarize 
briefly tBe foregoing records. A total of 45 cases 
have been described, 28 of which were in the origi- 
nal record,and the remaining 17 in this Appendix. Of 
these, 23 were total failures, the others ranging 



TABLE XII.— Special Classification with Reference to 
Date of Construction and Kind of Metal In the 
Cases of Thirteen Stand-Pipes Whose Total Fail- 
ures were Due to or Accompanied by Plate Fract- 
ure. 

Year Wrought 

built. Steel. Iron 

1859 1 

1868 1 

1881 1 

1886 2 2 

1887 2 

1889 1 

1890 2 

1893 1 

Total, 13 9 4 



from cases of serious damage to seemingly unim- 
portant incidents. Special interest attaches to 
the total failures. These are reclassified in Table 
XII. 

Of the 23 cases of total failure, two were due 
to defective masonry or foundation, seven were 
elevated wooden tanks, and in one case the stand- 
pipe was demolished by overturning. The remain- 
ing 13 cases of total failure either originated in, 
or were accompanied by, plate fracture. For this 
reason they are of special interest in contrasting 
the two metals used in their construction. Table 
XIL presents a classification of these eases, which 
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may not be enstirely without value in considering 
the relattioQ between quality of plate metal and 
period of development Three of these 13 fail- 
ures occurred previous to the year 1886, one 
each during the years 1886, 1887, 1890, 1891 and 
1895, three in 1893 and two in 1894. Tracing ex- 
isting conditions and probable cause, it is found 
that 6 of the 13 total failures occurred under, simple 
hydrosta/tdc pressure, two under wind aoMon and 
five in the presentee of ice. Of the last-named 
cases four have taken place since 1890. Re- 
ferring to the 10 oases of total failure which are 
not included in Tabde XII., it will be seen that 
in no case has the date, either of construotion or 
failure, fallen prior to the year 1885. 

There is no evidence that stand-pipe accidents 
are on the decrease, and with the number of stand- 
pipes continually increasing, it seems very certain 
that accidents of more or less severity will con- 
tinue to occur. Their frequency, in the future as 
in the past, will in a degree depend upon the sever- 
ity of meteorological conditions, but the fact can- 
not with reason be disputed that a very considerable 
diminution in the number of such accidents might be 
effected by proper care on the part of those who 
are directly responsible for the design, construc- 
tion and also the subsequent use of the stand-pipe. 
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APPENDIX II. 

AM/fHER ACCOUNT OF THE PEOUIA 

FAILURE. 

(The publishers, with the consent of the author, 
have deemed it advisable to include here some 
drawings of the Peoria wreck, with a letter ac- 
companying them, sent to the Editor of Engineer- 
ing News only a few days after the failure by Mr. 
Dabney H. Maury, Jr., Superintendent of the 
Peoria Water Co. After sending the matter, Mr. 
Maury requested that it be withheld from publi- 
cation for a time, the company's property being 
in the hands of the United States Court, under 
which he acted as superintendent. The letter and 
drawings were accordingly put aside. As this book 
was about to go to press, the above matter came to 
the attention of the publishers, who thought it a 
pity that such Interesting and valuable drawings 
and comments should remain hidden away. Inquiry 
showed that there was no longer any objection to 
making the letter and illustrations public. As 
Professor Pence had not seen the matter, and the 
book was too far advanced to admit insertion in 
its proper place anyway, it was decided to present 
it in the form of an Appendix, and it is printed 
below for the first time.— Publishers.) 

I read with Interest Professor Pence's report on 
the failure of the Peoria stand-pipe, as published in 
Engineering News of April 5. 1894. In what follows 
I shall confine myself to a simple statement of the 
facts, as I know theim, without entering into any. 
theory of the cause of the failure. 

I was present at the scene of the wreck a few 
moments after the stand-pipe fell, and feel confident, 
from my own observation, as well as from credible 
reports of persons present, that the velocity of the 
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wind was not more than 20 miles per boar. To a 
man handling a bucket and brush at the top of a 
36-ft. ladder, resting against a smooth, round surface, 
a light breeze will s^em a strong wind. 

I send you herewith two drawings which I made 
from actual measurements on the ground. No. 1 (Fig. 
30) is a map of the ground after the wreck, showing 
the position of the fragments of the fallen tower, and 
of the damaged buildings, the former being indicated 
by numl>ers, the latter by letters. Drawing No. 2 
(Pig. 31) is a development of the eight lower courses 
of the stand-pipe, showing the position each fragment 
occupied in it before it burst. The part of the tower 
above the eighth course, being practically intact, is 
not shown in this drawing. The few vacant spaces 
shown on this development were occupied by pieces 
which could not be found, and which are doubtless 
buried under some of the damaged houses or the 
larger fragments of the tower. 

The rupture started on the line AAiA, Fig. 31, Just 
a few- inches to the east of north, the cardinal points 
being indicated by the letters E., N., W., S., at the 
bottom of the developed sheet. All the pieces to the 
west of A were whipped around to the west of south; 
the large sheet. No. 28, wrecking and burying itself 
under the dwelling B, shorwn in Fig. 30. Sheet 31 
was found 245 ft. to the southwest of the center of 
the tower. The pieces to the east of A went to the 
northeast, east and southeast. 

It is diflacult to decide Just -what caused the main 
portion of the tower to fall to the east, but there is 
no doubt In my mind that as It dropped it cut the 
gashes seen near the north edge of the hpsf^ of the 
tower, and the direction of its fall thereafter would 
seem to me to depend more uDon the position at the 
instant of contact of the projecting edges that cut 
the gashes, with regard to the center of gravity of 
the whole mass, than upon the wind or any other 
cause. Once resting on the base, and leaning, the re- 
action of such water as remained in the pipe would 
help throw it further in the direction towards which 
it leaned, and could, with the natural retoound of the 
sheet metal, easily land it in its present position. The 
gashes in the heavy plates which form the base of 
the tower are cut clean through the steel and several 
Indies down into the concrete below it, showing that 
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the force which cut them must have been enormoas. 
The small fragment of metal still sticking In one of 
these gashes Is shown by Its line of single rivet holes 
and its beveled edge to be the top edge of some sheet, 
and, by Its thickness, to belong to about the seventh 
or eighth course. Its position and the shape of the 
cuts show that the for<ie was applied nearly vertically. 
The general direction of the line of the gashes is from 
west to east, in the direction in which the upper part 
of the tower lies; and I believe that all these facts 
go to prove the correctness of the theory given above, 
i. e., that the upper part of the tower, leaning per- 
haps to the east (and here the influence of the 'wdnd 
may have come in), dropped when the supporting 
lower sheets were ripped off, struck the base and 
cut the western gashes; that then the reaction of the 
water which was escaping from the up-tilted western 
edge, together with the reflbound of the mass, accom- 
plished its projection towards the east, cutting more 
gashes as it went. I believe that the upper part of 
the tower was rotating when it struck the base, and 
its rotation was probably due to the fa'Ct that the 
western sheets ripped off more rapidly than those to 
the east, as shown by the greater distance to which 
they were thrown, and the great length of sheet No. 
28. The reaction of the water against the sheets on 
the east side, which held for an instant, helped turn 
the tower, and also probahly helped to start it mov- 
ing to the eastward. That this rotation was in the 
direction of clock-hands is shown by the gashes; by 
the way the balcony fence ripped off from the top, 
and by the position of the two bottom courses of the 
upper part of the tower. 

No "leak** had been reported previous to the wreck. 
A rusty streak, about 90 to 35 ft. up, and to reach 
which the long ladder was required, was pain:ed 
over and the ladder taken down before the tower 
burst. Yours truly, Dabney H. Maury, Jr., 

Superintendent Peoria Water Co. 

Peoria, 111., April 11, 1894. 
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APPENDIX III. 

SPPX'IUCATIONS FOR MATERIAL AND 

WORKMANSHIP IN CURRENT 

PRACTICE. 

Introductory.— In reviewing the many important 
matters suggested in the foregoing pages of this book 
the designer and builder of stand-pipes finds none 
which demands his thoughtful consideration more 
urgently than the enforcement of proper qualities 
of material and workmanship. The relation be- 
tween this matter and the question of reform in 
this now important field of construction is, indeed, 
so intimate, and its bearing upon the duty of those 
responsible for the safety of this class of structures 
is so apparent, that the presentation of an outline 
of the tendencies of stand-pipe specifications at the 
present time seems to be warranted. 

Owing to the comparative scarcity of matter relat- 
ing directly to this subject, either in works of ref- 
erence or in the files of technical periodicals and 
society proceedings, it has been necessary to a large 
extent to obtain facts and data through independ- 
ent private sources. Among the authorities con- 
sulted for this purpose are a number of the more 
prominent stand-pipe designers and builders and 
plate metal manufacturers, dealers and consumers 
of the United States. Matter of much value was 
also obtained from recognized authorities in the 
field of structural tests. Much informaion of a 
valuable character and many sets of specifications 
of a recent date have been obtained with the under- 
standing that the sources from which such matter 
was drawn should not be publicly identified there- 
with. Although personal acknowledgments cannot 
here be made, it would be unjust to omit the obser- 
vation that those whose practice is distinguished 
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by the most progressiye ideas and methods are also 
most liberal and enthusiastic in supporting meas- 
ures which tend to elevate the standard of quality 
in this field of construction. 

An eminent authority has stated the legitimate 
functions of the specification to be: "First, an effort 
on the part of the consumer to tell the producer 
what he wants; and secondly, it is of the nature of 
a contract equally binding both the consumer and 
producer to its provisions." Directing attention to 
the first of these functions, it may be stated as a 
recognized principle among good authorities that 
specifications for structural work should be not only 
so strict as to exclude all material and workman- 
ship which does not meet the required standard of 
quality, but also so broad as to permit the use of 
all that certainly will not lower the adopted stand- 
ard, the said standard being fixed in accordance 
with the true requirements of the case. Violations 
of this common-sense principle may usually be 
traced to ignorance of the conditions which may 
be imposed upon the structure, or of the qualities 
of workmanship and material which may be avail- 
able or desirable for the specified purpose. Such 
misconceptions tend usually to a reduced standard 
of excellence through leniency, but the fact should 
not be overlooked that much harm may result also 
from the adoption of needlessly severe and perhaps 
impracticable requirements. By no means the 
least evil which may grow from the last-named 
tendency is the prejudice which it may entail upon 
the inauguration and prosecution of a reform. How- 
ever, low-grade work is not the result of ignorance 
alone, for it is an unfortunate fact that dishonest 
motives not infrequently control either the prepara- 
tion or the interpretation of specifications, and 
usually, if the former, also the latter. 

There is much to support the assertion that 
Btand-pipe specifications are frequently of too 
meager a character. Possibly this fault is a relic 
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of the former custom with many users of wrought 
iron plate of specifying merely the trade designa- 
tion of the metal desired, and providing that the 
tensile strength, brand, and maker's name be 
stamped on each plate. Whatever may be the cause 
or excuse for such deficiencies, either in quantity or 
kind of requirements, it is now conceded by most 
authorities in structural work that specifications 
should make distinct provision for adequate inspec- 
tions and tests. Contemporaneously with the de- 
velopment of such a series of tests in other lines of 
structural work, the more progressive engineers en- 
gaged in stand-pipe design and construction have 
evolved a similar system adapted to the needs of 
that line of work. However, it appears that this 
deyelopment has in no important feature followed 
lines dictated by the behavior of stand-pipes them- 
selves, but that it has merely kept pace with the 
evolution of methods and ideas in the closely re- 
lated field of steam boiler construction. The details 
of the structural tests themselves have, of course, 
shared the modifications which have, from time to 
time, been made by the introduction and general 
adoption of the testing machine. 

There are still a few engineers who favor Jthe 
former quite prevalent plan of accepting the reputa- 
tion of the maker, in lieu of the regular tests of 
quality. It is but simple justice to the high in- 
tegrity of the product of a number of plate metal 
manufacturers to concede that the plates sent to 
the market by them, when of guaranteed brands, 
might be used in large quantities without the en- 
forcement of the usual tests of quality with little 
probability of serious result; but, however desirable 
it may seem to makers of high reputation, that 
such a plan should be adopted, the present very 
natural demand for open competition has advan- 
tages which, in the minds of a large majority of 
those concerned, are sufi^cient to outweigh those of 
the plan referred to. The ideal plan from the 
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standpoint of safety alone would, of course, be to 
choose the metal from the stock of a proven maker 
and then enforce the tests with full strictness for 
corroborative purposes. Such a system in effect 
is, and through an extended period has been, prac- 
tised by a pioneer stand-pipe designer, who speci- 
fies that the steel shall be of "acceptable quality 
and manufacture." The above criticism of meager- 
ness does not with justice apply to the practice of 
the engineer here referred to, although his specifi- 
cations designate merely the elastic limit and the 
ultimate tensile strength required, in addition to 
the brief but comprehensive statement above 
quoted. Under the authority of the "acceptable 
quality," a set of detailed instructions covering a 
series of rigid tests, both physical and chemical, is 
issued to his inspector, who is required to return to 
him all test samples, with full certificates of the 
inspections and tests, which are preserved with 
much care. While the results attained in the case 
mentioned have been of the highest quality through- 
out, that fact does not altogether commend the 
omission from the specifications themselves of the 
detailed description of the required tests. With 
such omission supplied, the only criticisms, if any, 
to be made would come from either the consumer, 
who must pay for the privilege of selecting the 
maker of the plates, or the plate manufacturers 
whose product is shut out of competition. The en- 
gineer who adopts a system giving to him the 
power to select the producer, of course, imposes 
upon himself added responsibility, both as to quality 
of the metal and because of the usual imputation 
of dishonest motives in such practice. 

Choice of Metal. — In weighing the relative merits 
of steel and wrought iron as materials for the 
construction of stand-pipes, it may not be denied 
that each metal has points of excellence possessed 
either in a less degree, or perhaps not at all, by 
the other. Judging alone from the recorded fail- 
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ures of the two metals in actual service, wrought 
iron appears to be preferable to steel. However, 
an entirely just interpretation of this record must 
recognize the fact that a majority of the total 
failures of steel stand-pipes may be traced to the 
use of ill-adapted or exceptionally inferior grades of 
that metal. With this qualification, the contrast 
in the records of the two metals is much reduced, if 
indeed it is not quite eliminated. Careful consider- 
ation of the foregoing records and facts related 
thereto leads to the following conclusions: 

(1) That steel plate of cheap grades is certainly 
a dangerous material to use in the construction of 
stand-pipes. 

(2) That steel plate of proper quality is a safe 
material for the construction of stand-pipes. 

(3) That wrought iron plate, equivalent in quality 
to the usual grades of that metal hitherto employed 
for stand-pipe construction is a safe material for 
this purpose. 

The first of these conclusions is substantiated by 
a number of the more widely-known failures of 
steel stand-pipes. The second is warranted by the 
scarcity of failures of steel stand-pipes, in whose 
construction proper grades of plate metal were 
used. The truth of the third is evidenced by the 
several classifications of accidents and failures. 

The decided preference for steel, which has grown 
so rapidly in other fields of work, applies with full 
force in the construction of stand-pipes, and it has 
now reached such a stage that exceedingly few con- 
cerns make a specialty of building wrought iron 
stand-pipes. An important result of this evolution, 
which in the future may require a qualification of 
the third eonclusion above stated, is thus described 
by a recognized authority in the field of structural 
tests: 

Stee! f jr luoet structural purposes has so far replaced 
wrought iron that It is now difficult to get competi- 
tion amomg the manufacturers of wrougint iron for 
structural purposes. Many of the manufacturers who 



149 

sae »tilf making wrought iron find that the demand 
is 80 much greater for steel— ^nd in fact, th« profit 
better in steel— that they are not putting the care and 
attention to the manufacture oif wrought iron that 
they have in the past, and it is getting every mouth 
harder and harder to obtain t^e best grades of 
wrought iron for structural purposes. There are, how- 
ever, still a few concerns who are holding up their 
reiputjation and mianufacturing as good wrought iron 
as In the past. 

Another authority in the same field expresses the 
opinion that: 

The quality of wrought Iron is about the same as 
It was before the "era of steel," but engineers and 
inspectors who have to deal with materials for struct- 
ural purposes are no longer as familiar with iron as 
they were some time ago, or as tfliey are with steel. 

In view of the conflict of opix^on indicated by 
the expressions above quoted, particular interest at- 
taches to the following statement from a well- 
known firm of boiler-plate merchants, having an 
experience covering a period of more than a half 
century: 

There are very few mills to-day that have among 
their emiployeee men who can make flrst-class iron, 
and by reason of the fact that orders for iron are 
so exceedingly rare and these men can be <put at the 
work only at Infrequent intervals, their skill has de- 
parted and they have no longer the ability to make 
as good iron as was made five or ten years ago. 

Whatever be the present status of the question, it 
is pertinent to observe that the results of a very 
similar rivalry between steel and wrought iron in 
the manufacture of T-rails, some years ago, tends 
forcibly to confirm the belief that the quality of the 
superseded metal must decline sooner or later in 
the case under consideration. Such deterioration 
having taken place, it seems quite certain that 
wrought iron could show no superiority over steel 
in open competition, and, as remarked in discussing 
this subject at the conclusion of the original record 
of accidents, it seems altogether probable that the 
favorable showing of wrought iron inaicated by the 
record of stand-pipe failures would soon be for- 
feited were the extensive use of wrought iron for 
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this purpose to be suddenly resumed witlMut a cor- 
responding restoration of the former qualities of 
that metal. Fortunately, the few firms which have 
adhered loyally to the use of wrought iron and 
have built most of the large wrought iron stand- 
pipes during the period of alleged retrogression, 
seem to have recognized the importance of using 
good grades of that metal, so that the decline in 
safety, above suggested, has probably not begun. 

Very naturally the reduced cost of steel, attended 
by a growing confidence in its uniformity and high 
quality when demanded, has led to a decided pref- 
erence for that metal. That this preference will 
not be modified under present conditions seems very 
(certain, but this fact will not, and very properly 
should not, prevent the use of wrought iron of ap- 
propriate grades when preferred. Since little as- 
surance of excellence is to be found in the mere 
names steel or wrought iron, the really vital con- 
sideration is not so much which metal as what 
prade of the chosen metal. 

Steel Plate. — The usual market grades of steel 
plate may be described as follows: Tank steel is 
the cheapest grade. Its low price is due primarily 
to the grade of stock used, giving a metal with 
high percentages of the detrimental elements, even 
without the careless manipulation which cheap 
work is so apt to receive. The quality of the tank 
steel produced by a few makers is sometimes quite 
good, but experience has shown it to lack uni- 
formity, and good authorities generally agree in 
condemning its use in important structures. While 
it may display the physical excellence of the best 
grades of steel, "it is apt to be hard and brittle 
and should never be used in any part of a stand- 
pipe." It is believed by some that a fruitful cause 
for the treachery of tank steel is to be found in 
the practice of selling under that classification steel 
plate which has been rejected from higher grades. 
It is common to find merely the tensile strength of 
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this gradfe of steel specified, "60,000 T. S." being 
the usual requirement. 

Shell steel is the next better grade. Its greater 
excellence and enhanced cost are • due to the use 
of more care in selecting the stock and in perfect- 
ing the chemical nature of the finished product. 
Shell steel is used in ordinary boiler construction 
and many stand-pipes have been built from it. It 
is, of course, preferable to tank steel, but the best 
practice demands a better grade for high quality 
boiler and stand-pipe construction. A good au- 
thority states the following as a fair specification 
for shell steel: 

Soft (preferably open-hearth) steel having a tensile 
strength between 55.000 and 64,000 lbs. per sq. in., 
an elongation in 8 ins. of not less than 20%, and a 
peducMon of area at the broken section of not le«8 
than 40%. Specimens of any plate having a width 
not less than four times the thickness, when heated 
to a cherry red, and quenched in water, shall bend 
oold through 180° about a diameter equal to its 
thickness, without showing any signs of failure what- 
ever. 

Flange steel, the grade next above shell, is dis- 
tinguished by its uniformity, high ductility and 
usually low tensile strength. It is the grade of 
steel plate adopted in the best practice for the con- 
struction of steam boilers and stand-pipes. Specifi- 
cations for flange steel will be outlined in the dis- 
cussion below. 

Ordinary firebox and locomotive firebox are still 
higher grades of steel boiler plate, possessing 
special properties which fit them for the uses in- 
dicated by their trade designations. 

The above general classes of steel plate are, of 
course, subject to variations which are common to 
such trade distinctions, so that the excellence of a 
low grade of steel of one maker is often greater 
than that of a higher grade by another maker's 
classification. The prices of the several grades of 
steel plate, on Jan. 1, 1895, are given in the ^ct 
<!Qmpanyin^ t^bje. 
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Prices in Gents Per Pound of the Usual Miarket 
Grades of Steel Plate, Jan. 1, 1895. 

Grade of Steel. New York. Pittsburg. Ghicago. 

Tank 1.26 to 1.40 1.15 to l.S 1.35 tol.40 

Shell 1.40'* 1.45 1.30" 1.35 

Flange 1.50" 1.65 1.35" 1.40 1.50" 2.00 

Ordinary firebox. . .1.75 " 2.00 2.50 " 3.75 2.00 " 4.50 

Locomotive flrebox..2.00 " 2.25 3.36 " 3.50 

Some stand-pipe specifications desig^nate merely a 
minimum tensile strength for the plate. This prac- 
tice is criticised because of the danger of cracking 
with high tenacities in steel plate, and it is the 
practice of a few engineers to provide especially 
severe ductility requirements for steel plate show- 
ing high tensile strength. By far the most com- 
mon method of specifying tensile strength for stand- 
pipe steel is to fix a double limit, as in other 
classes of structural specifications. It is usual 
practice to fix these limits from 5,000 to 10,000 lbs. 
per sq. in. apart, the nominal strength of the metal 
being about midway between them. The elastic 
limit, when specified, is usually required to be at 
least one-half the ultimate strength, or a minimum 
value about equal to or somewhat greater than one- 
half the nominal strength of the metal is adopted. 

There is k?k of uniformity among stand-pipe de- 
signers in the matter of ductility requirements. 
Those engineers who lean toward boiler practice 
usually omit a specification for reduction of area at 
fracture, while those who adopt the methods used 
in bridge and similar metal structural work gen- 
erally include requirements for both reduction of 
area and elongation. A controversy waged between 
the two has, in reality, had little foundation, since 
all agree that elongation is to be given the greater 
weight in judging of the quality of the metal, and 
those who advocate a requirement of a specified 
percentage of reduction of area do so only for the 
purpose of throwing additional light upon the sub- 
ject, particularly when considered in connection 
with the character of the fracture. A well-known 
testing engineer remarks that he has often found 
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samples of steel which have given ample elonga- 
tion, but "in which the reduction of area was way 
below that which would ordinarily be required, and 
where the fracture showed crystalline and burned 
steel." The same authority admits the uncertainty 
which often attends the determination of the per- 
centage of reduction of area in the case of wrought 
iron, because of obliquity of fracture. The advo- 
cates of the double designation have very wisely 
sought to select practical values for the two per- 
centages from the results of extensive series of 
tests of the several grades of steel, and there is 
promise of quite general adoption of the values so 
determined. Tn these values the minimum per- 
centage of elongation in 8 ins. is equal to about 
one-half that of reduction of area, the test piece to 
be as near % sq. in. in sectional area as possible. 
The following distinctive physical properties have 
recently been recommended by the most extensive 
producers of structural steel in the United States, 
and have received sanction in the practice of a 
large number of prominent engineers, including 

well-known testing engineers: 

r — Kind of Steel. > 

Soft. Medium. Hard. 
Tensile strength, minitnuim, 

lbs. per sq. in 54,000 60,000 66,000 

Tenedle strength, maximum, 

Iha. iper sq. in 62,000 68,000 74,000 

Elastic limit (compared with 

ultimate tensile strength)... % % % 

Minimum elongation, in 8 ins., 

percent 26 20 18 

Mlndmniim reduction of area, per 

Qent 50 40 35 

Cold bend test without sign 

of crack or flaw on outside of 

bent portion, diameter of 

curve in terms of thickness 

of test piece (to bend 180"), . (flat) 1 3 

The above qualities for soft steel have been 
adopted in several recent stand-pipe specifications 
with the addition of a suitable cold-bend quenching 
or temper test. 

The practice of varying the percentage of elonga- 
tion with the thickness, recommended by the Am- 
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erican Boiler Manufacturers' Association, in 1889, 
has been followed by several stand-pipe designers. 
The essential features of the "A. B. M. A. Stand- 
ard Specifications" are as follows: 

To be homogeneous steel made by the opeu-bearth 
process, and having a tensile strength of 55,000 to 
62,000 lbs. per «q. in.; an elastic Limit not less than 
32,000 H>s. per sq. in.; an elongation in 8 ins. of 
20% in plates % in. thicii and under; of 22% for plates 
% to % in., and of 25% for plates % in. thick and 
over; cold bend test without signjs of distress, for 
plates up to ^ in. thick flat on itself, and for plates 
thiicker than ^ in. around a mandrel having a diam- 
eter 1% times thickness of plate, 180**; to contain not 
nK»*e than 0.04% pho<*phorus, nor more than 0.03% 
sulphur. 

Another method of varying the ductility require- 
ment with the thickness of the plate is shown in 
the stand-pipe specifications of a prominent en- 
gineer who requires: 

For plates % in. thick and heavier, elongation to 
be not less than 25% longitudinally on plate, and 22% 
transversely on plate. Plates rh iiiier tn m -n ui . 
elottgatior to be not less than 22V2% longitudinally and 
20% transversely. 

The same engineer specifies a phosphorous limit 
of 0.0G%. 

The cold bending test furnishes tangible proof of 
the ductility of the metal under conditions ap- 
proaching those of actual practice, and the quench- 
ing test, when properly executed, gives evidence of 
the possible influence of local heating and working. 
These two tests are also credited with much value 
in detecting burnt and high-phosphorus steel, al- 
though an eminent authority, quoted below, states 
that steel containing an excess of phosphorus 
sometimes displays high ductility. The bending 
tests adopted for the steel used in a stand-pipe, 
built in 1894 by a prominent Western engineer, 
were as follows: 

Specimens to bend cold, or after being heated to a 
cherry red and quenched in water at 70* F., on an anvil 
or in a testing niiacliine, doirbliiig tlie apecimen and 
pressing it flat, without «igu of fracture on the out- 
side of tihe bent portion. 
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Another stand-pipe designer adopts the following 
provisions in relation to character of fracture and 
bending tests, from Cooper's * 'General Specifica- 
tions for Bridges": 

All broken samples must show uniform, fSne-gralned 
fractures of a blue steel-gray color, entirely free from 
flery luster or a blackish cast. . . . Before and after 
heating to a light yellow heat and quenching in cold 
water this steel must stand bending 180' to a curve 
whose inner radius is equal to the thickness of the 
sample, without sign of fracture. 

Other engineers designate quenching temper- 
atures different from that above quoted, 80° and 
82** F. being common values. The "Committee on 
Standard Tests," of the American Society of Me- 
chanical Engineers, recommends a quenching test 
for boiler steel, "heated throughout to a dull cherry 
red (1022-1202*' F.) and quenched in water of a 
temperature of 25° C. (77° F.)," after which the 
piece is bent about a stud practically 1-in. in diam- 
eter, regardless of the thickness of the sample, as 
in the German practice. Other specifications for 
stand-pipe steel fix the diameter of the 180° bend 
for quenching test at 1% times the thickness of the 
sample, and this may be regarded as the most 
lenient requirement for thick plates that will give 
a fair assurance in relation to the quality thus 
tested. 

The recent failure of a large steel stand-pipe has 
drawn attention to the fact that the specifications 
for the plate metal were grossly deficient in the 
matter of ductility requirements. Not only was 
there no reference whatever to either elongation or 
reduction of area, but the specification for a cold 
bending test was of an astonishingly deficient char- 
acter. The provision referred to was as follows: 

The metal of the plates must be . . . suflaciently 
ductile to admit of rolling wihile cold around a radiiw 
of 20 ins., without developing flaws, cracks, splits, or 
any other features which would render them uuflt for 
the work in the opinion of tbe engineer. 

That the defect was not accidental is shown con- 
clusively by specifications prepared by the same en- 
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gineer subsequent to the failure referred to, in 
which the radius of the required cold bend curve 
was reduced from 20 to 12 ins. 

The practice of designating the process by which 
steel plate shall be made is in much favor with 
many prominent engineers and boiler-plate dealers 
of high reputation. One authority states that "the 
best grade of acid or basic open-hearth flange steel 
should be used for stand-pipe construction, since 
less high in phosphorus and sulphur, is wholly un- 
suited for that purpose." It should be remarked, 
however, that the designation of the process alone 
may give little assurance of excellence, a matter 
common Bessemer steel, which is generally more or 
which was recently discussed editorially in th< 
columns of a trade journal as follows: 

The terms "Bessemer" and "open-hearth" steels have 
reference to methods or processes, and not necessarily 
to qualities. If a good quality of pig iron is made in- 
to steel by either the Bessemer or open-hearth process, 
it would be found that the latter was softer and more 
unifonm under the stress of severe usage. But Besse- 
mer steel made of good iron is better than open-hearbh 
steel made of a cheap and inferior material. Th.ei:ie- 
fore the Bessemer tank steel of some manufacturers 
will run better than the open-hearth flange steel of 
other makers. The name don't make the quality. 

Granting the wisdom of specifying the process of 
manufacture, strict consistency compels the adop- 
tion of chemical limitations. Phosphorus is prop- 
erly regarded to be the most dangerous element 
in structural metal, and it is now comparatively 
common practice to designate a phosphorus limit 
even where no reference is made to the process of 
manufacture. According to Howe:* 

Phosphoric steels are liable to break under very slight 
tensile stress if suddenly or vibratorlly applied, or 
shock-like. . . . Phosphorus diminishes the ductility 
of steel under a gradually applied load, as measured 
by Its elongration, contraction and elastic ratio when 
ruptured in the ordinary testing machine; but it 
diminshes its toughness under shock to a still 
greater degree, and this it Is that unfits phos- 
phoric steels for most purposes. The influence 
of 0.01% of phosphorus is perceptible— that of 

•"Metallurgy of Steel," pp. 68-9. 
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0.20% Is generally fatal in ingot metal. . . . 
The effect of phosphorus on statlf ductility ap- 
pears to be very capricious, for we find many cases 
of highly 'Phosphoric steel w|jiah show excellent elon- 
gation, contraction, and even fail* elastic ratio, while 
side by side with theim are others produced under ap- 
parently identical conditions, but statically brittle. . . . 
And It apipears reasonablj' certain, though exact data 
sufficing to demonstrate it are not at hand, that phos- 
phoric steels are liable to be very brittle under shock, 
even though they may be tolerably ductile statically. 

The fact last quoted from so authoritative a 
source affords a most potent argument in favor of 
the adoption and rigid enforcement of a proper 
phosphorus limit for stand-pipe steel; for, while the 
physical properties indicated by the faithful execu- 
tion of the usual structural tests will, in a ma- 
jority of cases, reveal the presence of an excess of 
phosphorus, the possibility of selecting samples of 
a particularly ductile character, as above suggested, 
is very obvious. A testing engineer of ripe ex- 
perience discusses the amount of the phosphorus 
limit as follows: 

It has been found that while soime good steel has 
been made that has stood splendid physical tests in 
every way with over 0.08% phosphorus, at the same 
time, where tlie quantity of phostphorus runs over 
0.08%, the amount of defective steel is very rapidly 
increased. For such purposes as stand-pipe plates I 
certainly reco»mimeud that the requiireiment for phos- 
phorus be even lower than 0.08%, namely, a maxi- 
mum of 0.05%. . . . For ordinary stand-pipe steel, 
I would say to have a requirement of not over 0.08% 
of phosphorus; for best grades, a requirement of not 
over 0.05% phosphorus. 

Some light is thrown upon the question of avail- 
ability of good grades of steel for stand-pipe con- 
struction by the following statement, obtained from 
a steel-plate manufacturer of high reputation: 

We have made everything from ordinary tank steel 
up to a fine quality of boiler steel for stand-pipe con- 
struction. While an ordinary steel may meet almost 
any physical specification very nicely, it Is inclined to 
be brittle, and we do not deem it good enough for 
stand-piipes. Of late we have furnished quite a num- 
ber of stand-pipes which call for steel to show below 
0.06% phosphorus, and this we think a very good 
grade. ... To our minds, a steel showing 55.000 
to 62.000 lbs. per sq. in. tensile strength, 26% elonga- 
tio^ in 8 Ins., 50% reduction of area, an^ 0,05 to 0.06% 
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phosphorus, would make an excellent stand-pipe, and, 
at the same time, would not be a very expensive grade 
of steel, aItiK>ui?h it would cost considerably more 
than common tank steel. 

A recent proposal for Ihe construction of an im- 
portant stand-pipe in a Western city included bids 
according to five limitations for phosphorus, run- 
ning from 0.08 to 0.04%, inclusive. The relative 
bids on the superstructure for the several grades of 
steel, taking that for the highest phosphorus limit 
ns unity, were as follows: 

Phosphorus 

limit. RelnHve 

per cent. bid. 

0.08 1.00 

0.07 i.a^ 

0.06 1.0« 

0.05 1.17 

0.04 1.23 

The plates were to be "soft, acid, open-hearth 
steel," of 54,000 to 62,000 Ibq. per sq. in. tensile 
strength; elastic limit, 31,000 lbs. per sq. in.; 
minimum elongation in 8 ins., 26%; minimum re- 
duction of area, 50%; cold bent flat; and not more 
than 0.08% phosphorus, and less per cent, as per de- 
tailed bid. 

There is lack of uniformity in the number of 
tests required for the plate metal. Many engineers 
do not state the number in the specifications, but 
include that detail in the special instructions to the 
inspector, or leave the matter to the judgment of 
the inspector. It is the custom of a well-known 
testing concern to require at least one complete 
test of each open-hearth melt or Bessemer blow of 
steel, and to require each melt or blow to be kept 
separate and the number stamped on each plate; 
also to require, in addition, one test for each widely- 
varying thickness, in which this melt of steel may 
be rolled, and a test for each widely-varying differ- 
ence in the treatment of the steel in the rolling or 
other operation in its manufacture. It is deemed 
wise to adopt some such basis as the above, as it 
">yi11 ^ive the inspector t^ right to require i^ test if 
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he thinks that an ingot has been overheated, ot 
anything of a similar nature." One stand-pipe de- 
signer, who has maintained a high standard of 
quality through many years, requires that *'the test 
specimens shall, in all cases, be taken from the 
shearings of at least 20% of the plates produced 
from each melt, the plates or sheets to be selected 
at random by the inspectors." Others base the 
number of tests on the different thicknesses of 
plate required in the work. 

In fixing the character and extent of the tests 
which are to be imposed upon plate metal, it is of 
the first importance to determine the method by 
which they are to be enforced. It is the practice of 
a few engineers to specify that the tests shall be 
made by the contractor or by the manufacturer, 
but the best authorities favor independent tests by 
competent and impartial specialists in that line. To 
this end it is conceded by foremost authorities in 
this and other classes of structural work that the 
maximum attainment of high quality, and hence of 
safety, is found iki the employment of one of the 
several testing bureaus or laboratories of recognized 
integrity, which are now accessible to any part of 
the country. In addition to the tests made by such 
concerns, usually executed at the mills, it is the 
custom of several stand-pipe designers to require 
the contractor to furnish a series of certified 
samples, in order that corroborative tests may be 
made by the engineer personally. Others require 
that the testing engineer, in giving certificates of the 
behavior of the metal during test and of its chemi- 
cal nature, shall return the tested samples, with 
proper identification to aid in their Interpretation. 
It should be stated that the foremost practice in 
stand-pipe construction regards with the highest 
favor the prescription and faithful enforcement of 
such measures looking to the elevation of the 
standard of safety in the completed structure. 

Wrought Iron Plate.— The several market grades 
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of wrought iron boiler plate are described as fol- 
lows:* 

Tank iron is the cheapest grade and is used only 
for the most unimportant purposes. Kefined iron is 
used when strength and toughness are not specially 
demanded, and where no risKs are involved, r^either 
of these grades should be used in boilers or in any 
structure of great magnitude or value. Charcoal No. 
1 iron (G. No. 1) has a tenacity exceeding 40,000 lbs. 
per sq. in., is hard, but not vei'y ductile, and is neveo* 
used when flanging or considerable change of form is 
required, as it is apt to break at the bend. Char- 
coal hammered No. 1 shell iron (C. H. No. 1, S.) is 
a better worked iron than C. No. 1; but it is not always 
hammered. It ie stronger, having a tenacity of 50,- 
000 to 55,000 lbs. per sq. in. in the direction of the 
fiber, and 75 to 80% of this amount across the grain. 
Although distinctly made for the shell of the boiler, 
the best makers generally prefer to use better grades 
for that purpose. A better quality known as flange- 
Iron (C. H. No. 1. F.) is much more ductile and may 
be worked into flanged sheets: It is nearly equally 
strong is both directions and has about the tenacity 
of the preceding. Other higher grades such as flange 
fire box (C. H. No. 1, F. F. Bj are made for spe- 
cial purposes. 

The following standard specifications for flange- 
grade iron used by the Baldwin Locomotive Works 
(Jan. 1, 1893) illustrate the qualities of wrought 
iron which may be secured at the present time 
upon proper inspections: 

All boiler iron plates are to be of 0. H. No. 1 flange 
quality, and to be made from best charcoal iron 
blooms. A careful examination will be made of every 
plate, and none will be accepted that show mechani- 
cal defects. A test piece, VA ins. wide and 24 ins. 
long, to be furnished from each plate rolled. No plates 
will be accepted whose test pieces show an ultimate 
tensile strength, with the grain, of less than 50,000 
lbs. per sq. in., or less than 45,000 lbs. per sq. in., 
across the grain, or whose elongation falls below 20% 
in a section originally 2 ins. long. A drifting test will 
be made of at least two test pieces from each ship- 
ment, and no plates will be accepted which will not 
permit of a 1%-in. hole being drifted out to 3 ins. 
diameter. Any plate which develops defects in work- 
ing will be rejected. Bach plate must be Rtmmped with 
the maker's name, brand of the Iron, and the guaran- 
teed tensile strength. 

Owing to the limited extent to which wrought 
iron has been used in the construction of stand- 
pipes for some years past, the collection of specifi- 

•Oompiled from Thurston's **Steam Boilers," pp. 06-7. 
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cations for wrought iron stand-pipes of recent date 
has been attended with much difficulty. For this 
reason the discussion of specifications for wrought 
iron plate cannot be made as extended as that for 
steel plate. The specifications for plate metal used 
by a prominent engineer in the construction of a 
number of important wrought iron stand-pipes pre- 
vious to his adoption of steel for this purpose, some 
years ago, were as follows: 

Th-e iron to have a minimum tensile strength of 50,- 
000 lbs. per sq. in. sectional area, all to be of best 
charcoal hammered No. 1 iron, aud each plate to be 
8tamir>ed O. H. No. 1, together with the name of the 
manufactm'er. All plates to be inspected at the roll- 
ing mill, and tested under the supervision ot the in- 
spector appointed by the engineer. 

A stand-pipe of some importance was built in 
1893 from wrought iron, which was required to "be 
tough, fibrous and of uniform quality, and resist a 
tensile strain of 48,000 lbs. per sq. in." 

In the construction of an important pipe line on 
the Pacific Coast, recently, the contractor was per- 
mitted to use either wrought iron or steel, the pipe 
being built from riveted plates. The steel plate 
specified was of the same quality as that used by 
the designing engineer in the construction of stand- 
pipes, and it may be inferred that the specifications 
for wrought iron plates for alternative use in the 
pipe line represent his standard of quality in the 
latter metal for stand-pipe construction. The re- 
quirements for wrought iron were as follows: 

The wrought iron plates must be ductile, fibrous, 
of uniform thickness and free from blisters, seams, 
buclsles, cinder spots, or rough or Imperfect edges, 
and must admit of cold hammering or scarfing to a 
fine edge without cracking. It must be capable of 
being bent cold without fracture on a curve of diam- 
eter not over twice the thickness of the plate, 180® in 
the direction of the fiber, and 90" at right angles to 
the fiber. 

Under test, the elongation in a length of 8 Ins. 
must not be less than 15%; the reduction of area at 
the section of fracture, not less than 40%; the limit 
of elasticity, not less than 25,000 lbs. per sq. in.; and 
the ultimate tensile strength, not less than 50,000 lbs. 
per sq. in., which must be stamped on each sheet 
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as a guarantee by the maker of the quality of the 
iron. 

The thickness of these iron plates was about % 
in. and the -yidth was 60 ins. The steel specifica- 
tions on the same work required "soft, open-hearth 
steel," to contain not more than 0.06% phosphorus 
or of sulphur, and not more than 0.60% manganese; 
the elastic limit to be 30,000 lbs. per sq. in.; ulti- 
mate tensile strength, 55,000 to 65,000 lbs. per sq. 
in.; elongation in 8 ins., on plates % in. thick and 
less, 22^% longitudinally, and 20% transversely; 
cold bend, flat. 

The degree of ductility required for wrought iron 
boiler plate in the "Rules of the United States In- 
spectors of Steam Vessels" (January, 1894), is as 
follows, the antiquated grooved "marine" section 
being retained, notwithstanding vigorous protests 

against it: 

Iron of 45,000 lbs. per sq. In. tensile strength shall 
show a contraction of area of 15%, and each additional 
1,0U0 lbs. tensile strength 8haU show 1% additional 
contraction of area up to and including 55,000 T. S. 

The former quite prevalent plan of depending 
upon the time-earned reputation of the maker of 
wrought iron plate as a guarantee of quality may, 
perhaps, be more than ever advisable if the alleged 
deterioration has taken place. However, the en- 
gineer is rarely permitted to select the producer of 
structural metal, and since stand-pipe construction 
is no exception to this rule, it is the duty of the 
designer to impose upon the iron such tests as will 
insure the desired standard of safety in open com- 
petition. 

Rivet Metal.— While it is the very general prac- 
tice to use soft steel for power-driven rivets, most 
authorities concede that field rivets should be wrought 
iron. Since the two metals are known to be dam- 
aged about e qually by working at a blue heat, * 

♦"Mild Steel for Structural Purposes," Engineering 
Newsj Vol. XXVII., p. 43 (Jan. 9, 1892). Also, "The 
Working of Steel," Proceedings Institution of Oiyil 
Engineers, Vol. LXXXIV., pp. 114-214 (1886), reprlntad 
in ^*Naval Professional Papers," No. 21. 
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this preference for wrought iron, if consistent, 
must depend upon some other assumption thaa that 
wrought iron rivets may be finished at a lower 
temperature than steel rivets. As a matter of fact, 
wrought iron rivets may be heated to a consider- 
ably higher temperature without damage to the 
metal than is permissible with steel rivets, and this 
affords a defense for the preference which has, per- 
haps, resulted from practical test rather than from 
a consideration of critical temperatures. Upon this 
point of maximum permissible temperature a firm 
making a specialty of structural inspections states 
that: 

Steel rivets should not be heated to over an orange 
color, much less than the heat put upon iron rivets, 
which are heated to nearly a lemon color, often with- 
out apparent injury. 

A well-known authority in this class of work 
comments as follows on the same point: 

Iron rivets are ordinarily heated up considerably 
hotter than steel rivets in using them. An iron rivet 
can be heated to what is called a "wash heat"— a 
temperature at which the intermingled slag in the 
metal begins to soak out from it— and this tempera- 
ture can be safely attained without over-heating the 
wrought iron rivet. A similar temperature put upon 
a steel rivet would occasion the steel to be subject to 
such oxidation as would make it red-short. 

A recent treatise* discusses the subject of field 

riveting as follows: 

Field rivets are generally of wrought iron In all 
cases, as the difficulty of driving good steel rivets 
prohibits their use. The range of temperature at 
which steel can be effectively worked la very small, 
and, as in field riveting, considerable time is lost in 
passing the rivet from the forge to the riveters, a 
rivet has time to cool to a point below which it is 
not advisable to do any work upon it, as would be 
necessary in driving it. 

One well-known engineer who uses steel rivets in 
stand-pipe construction specifies that "the heating 
forge shall be kept on the staging contiguous to 
the work." This designntion of a precaution which 
is almost always observed on such work as a mat- 



•Johnson's "Modern Framed Structures," p. 257. 
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ter of convenience indicates that the engineer re- 
ferred to had in mind the necessity of rapid work 
with steel rivets. It should be remarked, however, 
that he makes no other requirement for the rivet 
metal than that the "rivets shall be of steel, cap- 
able of an ultimate resistance to shearing of 45,000 
lbs. per sq. in." The specifications for an impor- 
tant steel stand-pipe, built in 1894 upon the design 
of a prominent engineer, made the following pro- 
vision for the rivet metal: 

Steel for rivets fi4^all have in test pieces %'*ii, in diam- 
eter, an ultimate tensile strength- of from 48,000 to 
56,000 lbs. per sq. in., and an elongation In 8 ins. of 26%. 
Heated uniformly to a light yellow, and cooled In water 
at 82*" F., it shall bend around a circle of diameter equal 
to 1^ tlm«6 the thickness of the Eppedmen without 
fracture. Full-size rivet bars shall bend cold and double 
flat on themselves without sign of fracture on the con- 
vex side. 

Accepting the standing of the engineers, above 
quoted, and the high quality of the work hitherto 
executed by them, as proof of the fact that steel 
rivets may be used with success for stand-pipe con- 
struction, there is sufficient cause to believe that 
the general adoption of steel rivets for this pur- 
pose would not be wise, at least under the present 
almost, if not quite, universal practice of riveting by 
hand. Granting that the selection of wrought-iron 
is well sustained by the practical features involved, 
the necessity of discriminating between good, and 
bad grades of that metal presents itself. It is as- 
serted that "the manufacture of wrought iron rivets 
has become a specialty, so that the only reasonable 
assurance of securing the best grade is found by 
wording the specifications so that the contractor 
will use the desired make." Such is apparently the 
opinion held by a very considerable number of en- 
gineers engaged in this class of work, among the 
number being some of the most progressive known 
to the profession. On the other hand, it is urged 
that open competition should be allowed in the mat- 
ter of xivets as in other classes of straotuial ma* 
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terial as a matter of strict fairness to all con- 
cerned. A defense of the practice of making an ex- 
ception of the rivets in this regard is found in the 
fact that for small jobs, such as the construction of 
most stand-pipes, the rivets are purchased by the 
keg in relatively small quantities, so that to incur 
the expense of a special rivet-rod test previous to 
the manufacture of the rivets would usually be 
looked upon as an extravagant proceeding. In- 
deed,, the obstacles in the way of carrying into 
execution such a preliminary test are so great as to 
suggest that it would prove a dead-letter provision 
in a large majority of cases. A proper regard for 
the question of practicability demands a test of the 
rivet metal which may be performed during erec- 
tion both readily and effectively. The following 
valuable opinion bearing upon such a practical test 
has been obtained from an authoritative source: 

With rivets, as purchased by the keg, for field rivet- 
ing, in any large work, I would advise their being made 
from iron which had been epecially tested and siiibjectea 
to Inspection; but where this is made iimipracticable, as 
in small jobs like stand-pipes, then mote care should 
be taken with a test, which I believe to be the best 
in any event, as to the quality of the rivets— that is, 
that rivets put up as in actual practice, either machine 
or hand driven, shall be of such quality, and the work 
upon them shall be of such a nature that when any 
of these rivets are cut out from the work, with a cold- 
chisel or blows from a sledge, they shall cut out strong 
an^ shall not "fly," showing brittle material, under this 
treatment. This is a simple, practical test, wWch can 
be made anywhere. 

The wording for a clause describing such a prac- 
tical field test may be obtained by revision of the 
following excellent rivet-rod test, taken from a set 
of "general specifications": 

Rivet iron shall ... be c.ipable, without cracking or 
serious abrasion, of be!ng heated to a good io»-^uig 
heat and made up either by machine or handwork into 
rivets, and of again being heated to a good red heat, 
forged as in riveting, allowed to cool, and upon being 
nicked and cut out of the work, it must show a good, 
tough, fibrous structure without any crystalline ap- 
pearance. Rivet iron shall especially be required to 
flow well in riveting, and to be neutral m character 
Rnd tough in flber after being riveted. 

A practical and easily-executed hammer test has 
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recently been used by the U. S. Navy Department 

for steel rivets employed in boiler construction. 

Each ton of rivets from the same heat of steel was 

termed a "lot" for the purpose of testing. The 

hammer test was as follows: 

Prom each lot twelve rivets are to be taken at 
random and submitted to the following tests: Four 
rivets to be flattened out cold under the hammer to a 
thickness of one-half the diameter, without showing 
crar:k3 or flaws. Four rivets to bi flattened out hot 
under the hammer to a thickness of one-third the 
diameter without showing cracks or flaws— the heat 
to be the working heat when driven. Four rivets to be 
bent cold into the form of a hook with parallel sides, 
without showing cracks or flaws. 

Although specifications sometimes fix the shear- 
ing strength that the rivet metal shall have, it is 
not often that such tests are actually made. In 
this connection the following statement by a prom- 
inent testing engineer is of much value: 

With rivet iron, the proportion of the shearing 
strength to the tensile strength Is about 72%; and 
with rivet steel (having a tenSile strength from 52,000 
to 60,000 lbs. per sq. in.), the shearing strength is 
from 75 to 80%— ordinarily fully up to 80%— of the 
tensile strength. 

Reviewing the entire matter of rivet metal, it 
may be concluded that under present conditions 
and methods of work the safest and most satis- 
factory results in stand-pipe construction are to be 
had by using the best available grade of soft char- 
coal iron rivets. Whether this end is to be accom- 
plished by special reference to a certain make of 
iron rivets, as a standard of quality, or by severe 
physical tests, must depend upon the judgment of 
the individual engineer, but in any event he should 
get the best. 

Workmanship. — ^As in other classes of structural 
specifications, it is wise to provide that "all work- 
manship shall be first-class in every particular," or 
the equivalent of that expression, in order to pre- 
vent the use of inferior methods in points of doubt- 
ful interpretation. It is also the practice of some 
engineers in stand-pipe construction to state spedfi- 
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cally the right to reject any material in which 
flaws may be detected at any stage of the work at 
the expense of the contractor. The enforcement of 
such requirements, of course, demands that pro- 
vision be made for adequate inspections, not only 
of the plates originally at the mills, but, in ad- 
dition, both of the methods of workmanship and the 
behavior of the metal during the several stages of 
the shop work and erection. It has been by no 
means universal practice to provide such inspec- 
tions of workmanship, even where there has been 
a proper regard for the quality of the material. 
Where such enforcement is to be neglected, it 
would seem that considerations of strict consistency 
and professional honor demand the omission from 
the specifications of these provisions, since they 
may afford but a false sense of security. 

The fact that the damage sustained by the metal 
adjoining rivet holes in the process of punching in- 
creases with both the hardness of the metal and the 
thickness of the plate, has found recognition in the 
practice of various stand-pipe designers. It is 
the recommendation and practice of a num- 
ber of authorities to require that in plates 
thicker than % in. the rivet holes shall either 
be drilled, or, if punched, that the holes shall 
be reamed. It is stated^ that, on the Pennsylvania 
Railroad, locomotive boiler plates are punched up 
to a thickness of % in. However, the standards 
both of material and workmanship in that case are 
of an exceptionally high character, so that it may 
not be taken as a precedent with entire con- 
sistency, unless equivalent safeguards are adopted 
in the execution of the work. Mr. F. H. Lewis, 
C. E.,** an advanced authority in the use of soft 
steel, after Investigating the ^effect of thickness 



•Howe's "Metallurgy of Steel." p. 233. 

•♦ "Soft Steel in Bridges." Proceedings Engineers' 
Club of Philadelphia, Vol. IX., pp. 80-1 (Jan.. 1802).— 
Bng. News, March 26, April 2, 1882. 






1^ 

Apon the extent of damage sastained in the pro- 
cess of punching, as indicated by the character of 
the fracture, recommends that % in. be the maxi- 
mum thickness at which punching should be per- 
mitted without reaming, and in the same connec- 
tion remarks that "in practical work the efficiency 
of reaming, being based on punching, must clearly 
share the deficiencies of punching. With good 
punching, the reaming no doubt accomplishes its 
object .... but it is quite certain to decrease 
in effectiveness .... with bad punching." It is 
asserted, and- apparently with much reason, that 
not a little of the evidence offered in the con- 
troversy concerning the method of preparing the 
rivet holes is selected with no regard to the con- 
ditions governing the process of punching. In this 
connection an experienced maker and user of boiler 
plate, in stating the more serious abuser, in the 
working of steel plate, includes "punching holes in 
an improper manner, that is, with improper punches 
and dies. This is not intended to mean that drill- 
ing is necessary in place of punching, but refers to 
the fact that a good plate may be badly damaged 
by the use of improper punches and dies." The 
stand-pipe specifications of most careful designers 
state, in detail, the required method of laying out 
the work in the shop and of preparing the holes, 
and it is common practice to designate the kind 
and condition of the punch. Although best boiler 
shop practice always punches the holes from the 
faying surfaces for obvious reasons, it should be 
remarked that this important matter was over- 
looked in the construction of a large stand-pipe 
which failed recently, the specifications for which 
made the following provisions; 

Lay out all holes carefully and accurately, and 
punch with a center punch, sharp and in perfect 
order, from the surface to be in contact, and so that 
the bevel of the hole may be away from the surface 
In contact. 

It is nsnal to specify that the edges of the plates 



169 

shall be planed to a suitable bevel for calking, al- 
though some specifications allow them to be beyel- 
sheared and a few direct that the edges shall be 
chipped. 

Steel plate suitable for stand-pipe construction 
will bend cold to the curve required, without dam- 
age. An expert on steel for marine boilers ob- 
serves* that "if steel will not stand bending cold to 
the curvature required for the shells of cylindrical 
boilers, it should not be used, and those who do not 
possess rolls capable of bending plates while cold 
should get them." This remark was made in con- 
cluding a discussion of the causes which led to the 
failure of a steel plate during the construction of a 
boiler. The plate in question showed excellent 
qualities, both physically and chemically, and the 
only reasonable explanation of the failure was in 
the fact that the plate was heated to a dull red to 
assist in bending it, and in the judgment of the 
authority quoted, "there is no doubt that it was 
bent when it had cooled to a 'blue' heat, at which 
temperature it is imprudent to bend or work steel." 
An experienced maker and user of boiler plate, in 
commenting upon the more prevalent abuses in the 
working of steel plate, mentions first that of man- 
ipulating it at a "blue" heat, characterizing it as 
"the worst form of bad working," and places next 
that of "local heating and working, which is almost 
as bad as working at a *blue' heat, unless the 
plate is afterward annealed in an efficient manner."' 
In discussing the dangers of "blue-shortness," 
Howe** states that 

Not only are wrought Iron and steel much more 
brittle at a "blue** heat than In the cold or at red- 
ness, but while they are probably not seriously af- 
fected by simple exposure to blueness, even If pro- 
longed, yet If they be worked In this range of tem- 
perature, they remain extremely brittle after cooling, 
and may, Indeed, be more brittle than while at bineness. 

*Traill In London "Bngineerlng,** Yot ZUI^ V* 
482 (Nov. 6, 1880). 
••^'Metallurgy, of Steel." p. 281, 
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The practice of a very few engineers of requiring 
that all plates shall be bent cold with snitable 
rolls, while doubtless unnecessary with most stand- 
pipe builders, probably has a bearing in the case of 
numerous smaller concerns engaged in this class of 
construction. It would seem, however, that the 
opinions above quoted in relation to the dangers 
of "blue-shortness" apply with special force to the 
scarfing down necessitated in the present nearly 
universal practice of using lap-riveted joints in the 
construction of stand-pipes. An engineer who 
strongly advocates the use of wrought iron for 
stand-pipe construction has assigned the recent 
failure of a large steel stand-pipe to the simple fact 
that the metal was steel, and, in discussing the 
matter, remarks* that he "cannot believe that 
steel is the material for stand-pipes when built 
with lap joints. The heating of one comer of a 
steel plate for the necessary scarfing and the local 
heating the joint must receive during erection, in 
order to draw it up tight, is certainly not very 
beneficial to any material like steel." As a matter 
<^ fact, however, this very timely criticism applies 
also to wrought iron, for Stromeyer** has shown 
very conclusively that the two metals are 
affected to an equally serious extent by working at 
a "blue" temperature. Such being the case, the 
remedy for the dangers referred to is seen to be 
attainable only in a reform in the design of the 
riveted joints, a matter which does not properly 
fall within the scope of this discussion. 

It should be observed in this connection that a 
recent advanced design by a pioneer engineer in 
this field called for proposals upon three kinds or 
combinations of joints. The relative bids on the 
superstructure, taking the average of six represen- 
tative bids, were as follows: (1) All joints lap-riT- 
eted, 1.00; (2) horizont al joints, lap and vertical 

^•^♦SRt'^®®^"^, ^'e^s, Vol. XXXL, p. lis (Feb. 8,1894). 
^# Ti/Jff^^^'^^^^Sf o' SteeL" Proceedings InstltutlOTi 
of OivU Bngineers, Vol, LXSLxiY., pp. lfi-214 aSM). 
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joints, butt-riveted. 1.08; and (3) all joints butt- 
riveted, 1.21. 

Referring again to the matter of "blue" heat 
working, it is of interest that the clause in Cooper's 
"General Specifications for Bridges," relating to 
this important subject has been adopted in the 
specifications of a stand-pipe built in 1894. Tliis 
clause is as follows: 

No work shall be put upon any steel at or near the 
"blue" temperature, or between that of boiling water 
and of Ignition of hardwood sawdust. 

It is stated* that at the works of Samson Fox, 
at Leeds, Eng., where the highest grade of flanging 
steel plate is executed on an extensive scale, 
the test for the minimum temperature at which 
flanging may be performed without damage to the 
metal consists in placing a hardwood hammer 
handle in contact with the plate; "if the wood does 
not blaze instantly on contact, the sheet is heated 
until it will; if it sparks only, it is not hot enough. 
The shape of a sheet is never allowed to be changed 
until this heat is shown." 

In best practice it is required that the rivet holes 
shall match "true and fair" in assembling the 
plates during erection. One engineer requires that 
"hot rivets must enter holes without the use of a 
hammer." It is sometimes allowed that the drift 
pin may be used "sparingly," but it is the general 
practice among careful engineers to prohibit Its use 
altogether. Some designers recognize the possi- 
bility of some eccentricity in the rivet holes, even 
in the best of shop work, and provide that such 
holes be reamed out as required. It is considered 
excellent practice to require that larger-sized rivQts 
shall be used for such reamed holes. 

Reference has already been made to the heat at 
which rivets may be forged without damage and to 



•"The Boiler Maker/' Vol. II., No. 3, p. 8 (March, 
1«H). 
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the temperature beyond which the rivet suffers 
injury from overheating. 

Some require that the rivet heads be finished 
with a suitable ''snapping hammer." In any case, it 
is of much importance to insure by rigid inspection 
that sufficient stock is provided in the rivets to fill 
the holes perfectly, and also to allow the formation 
of a full and perfect head. It is customary with a 
number of engineers to prohibit the calking of 
rivets which develop leakage, and to require that 
such rivets be replaced with perfect ones. 

It is usual to riequire that the calking be done 
with a "round-nosed" calking tool. Some engineers 
require inside calking, while a few specify both 
inside and outside. Others provide simply that the 
seams "shall be calked perfectly tight," and it is 
sometimes added "without the use of paint or 
putty." It has been stated by an authority in 
steam boiler construction that beyond a certain 
limit the amount of calking required to secure per- 
manently tight seams may usually serve as an in- 
verse measure of the quality of the workmanship 
as a whole. Such a measure should appeal to the 
engineer in charge through the character of his in- 
spections, and to the builder through his business 
reputation. 

Painting.— The methods of painting stand-pipes 
are subject to as much variation as in other ex- 
posed structural metal work. Some require that 
the inaccessible surfaces shall receive two coats of 
red lead, while others allow the omission of paint 
from the faying surfaces of the seams to permit 
the joints to rust. It is customary to require three 
coats of paint, at least one of which is put on at 
the shop. The details of the coloring pigments, of 
course, vary with the preference of the engineer. 
Too much stress cannot be placed upon the thor- 
ough scraping and cleansing of the plates before ap- 
plying the first coat of paint. 
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Specifications for Stand-Pipe Metal and Workman- 

sliip. 

The following specifications, embodying essential 
and consistent, features of best current practice, 
are presented from a conviction that all stand- 
pipes should be constructed from a uniformly ex- 
cellent grade of material and workmanship, and 
that reductions of cost, when necessary, should be 
accomplished through increased working stresses, 
and not by the sacrifice of quality. It is confidently 
believed that a general obedience to the dictates of 
this principle must lead promptly to an elevated 
standard of safety in stand-pipe construction. It 
is neither advisable nor practicable at this time to 
attempt the formulation of 80-called "general" 
specifications covering all features of stand-pipe 
design. Various details, which do not bear directly 
upon the matters considered in this article, must 
be fixed in accordance with the local requirements. 
The more important of these items are: Agreement, 
site, foundation (including excavation, concrete, 
etc.), casing, anchorage, inlet pipe and valves, man- 
hole, sizes and thicknesses of plates, kind and de- 
tails of riveting, setting tank bottom, ladder or 
stairway, brackets, balcony, roof, and painting. 
The specifications given below relate solely to the 
structural metal and workmanship in the tank 
proper of the stand-pipe: 

(1) Material.— The metal composing the stand- 
pipe shall be soft, open-hearth steel, containing not 
more than 0.0G% phosphorus, and having an ultimate 
tensile strength of not less than 54,000 nor more 
than 62,000 lbs. per sq. in., an elastic limit not leas 
than one-half the ultimate strength, an elongation of 
not less that 26% in 8 ins., and a reduction of area of 
not less than 50% at fracture, which shall be silky in 
character. Before or after being heated to a cherry 
red and quenched in water at 80* F., the steel shall 
admit of bending while cold, flat upon Itself, without 
sign of fracture on the outside of the bent portion. 

(2) Test Pieces.— All test samples shall be cut from 
finished material. Tensile test pieces to be at least 
16 Ins. long, and to have for a length of 8 Ins. a uni- 
form, planed-edged sectional area of at least ^ sq. 
In., the width in no case to be less than the thlcknew 
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of the piece. Bending test pieces to be 12 ins. lon^, 
and to have a width of not less than four times the 
thiclcness, with edges filed smooth. 

(3) Num-ber of Tests.— For the purpose of identifica- 
tion, the number of the melt or heat of steel shall be 
stamped on each plate produced therefrom. At least 
one full series of tests, both chemical and physical, 
as above specified, shall be made of each melt, and 
such additional tests may be made as, in the Judg- 
ment of the inspector, seem essential for corrobora- 
tive purposes under varying conditions or methods of 
treatment of the metal. 

(4) FlnJah of Material.— All plates must be free 
from laminations and surface defects, and shall be 
rolled truly to the specified thicknesses. 

(5) F«<jilitl€S for Testing.— Oomplete facilities for 
the tests and inspections shall be provided by the 
contractor, as required. 

(6) Inspector.— Material will be inspected at the 
mill by (nam© of a trustworthy testing concern 
equipped to make both chemical and physical tests) 
or such other party as may be approved by the engi- 
neer. 

(7) Additional Test Pieces.— If required by the engi- 
neer, the contractor will provide four certified sam- 
ples of each thickness of plate used in the work, 
these samples to be 2 ins. wide and 16 ins. long. 

(8) Workmanship.— All workmanship must be first- 
class in every particular. 

(9) Working Steel.— The plates and angles must be 
shaped to the proper curvature by cold rolling. No 
heating and haimim^ring shall be allowed for straighten- 
ing or curving, or for other purposes.* 

(10) Punohmg.— The work shall be carefully and ac- 
curately laid out in the shop, and the rivet hoYea 
punched with a center punch, sharp and in perfect 
order, from the surface to be in contact. The diame- 
ter of the punch shall not exceed that of the rivet by 
more than 1-16 in., and the diameter of the die shall 
in no case exceed that of the punch by more than 1-16 
in. Rivet holes in plates havmg a thickness ot % in. 
and over shall either be drilled or, if punched, shall 
be reamed not less than i^ in. larger than the die 
sides of the holes, and sharp edges shall be trimmed. 

(11) Beveling, etc.— All calking edges shall be 
planed to a proper bevel. All parts must be adjusted 
to a perfect fit, and properly marked before leaving 
the shop. 

(12) ilreotion. — In assembling the work, the rivet 
holes shall match so that hot rivets may be in- 
serted without the use of a hammer. Drifting is pro- 
hibited. Eccentric holes, if any, must be reamed, 
and, if required, larger-sized rivets shall be used in 
such holes. 

•If lap riveting Is used, omit the expression "or for 
other purnoses,** and Insert the following sentence: 
"No scarfing shall be done at a temperature below 
that of Ignition of a hard-wood hammer handle, and 
no work shall be done upon the steel between ancb 
temrperatare and that of boiling water.*' 
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(13) RivetB and BiTetins.— The best snide of soft 
cbar^cocd iron riyets to be bad in the market shall be 
used. Sufficient stock must be provided in the riveits to 
ooanpletely fill tbe holes and make a full head. The 
rivets shall be driven at such a heat as 'wlU admit of 
their beinsr finished in good form with a button set be- 
flore the rivet has oooled to a critical point. As (Often 
as may be deemed advisable for the puipose of testing 
the wor]^ rivets shall be cut out at the direction of the 
inspector. The quality of the rivet metal and of the 
workmanship shall be such that the fracture of the 
rivets so removed at random shall show a good, tough, 
fibrous structure without any crystalline appearance, 
and there shall be no evidence of brittleness. Loose 
rivets must be promptly replaced, no rivet-calking being 
permitted. 

(14) Oalking.— All seams m«st be calked thoroughly 
tight with a round-nosed calking tool by workmen of 
acceptable skill. Great care must be taken not to in- 
jure the under plate. 

(15) Rejections.— Defective material and workman- 
ship may be rejected at any stage of the work, and 
must be properly replaced by the contractor as di- 
rected. 

(16) Final Tests.— 'After completion the work shall 
be tested by filling the stand-pipe with water, and the 
leaks, if any, shall be promptly and thoroughly 
calked. The stand-pipe must be water-tight before 
acceptance. 

(17) Superintendence.— All inspections shall be made 
under the direction of the engineer who shall have gen- 
eral supervision of the work. 
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APPENDIX IV.— CORRESPONDENCE.* 

SPEJOIFICAiTIONS FOR STAND-PIPES. 

Sir: Professor Pence's article in your Issue of Feb. 
28 on Specifications for Stand-pipes is an extremely 
valuable and timely contribution to the subject. There 
has been, no doubt, much poor practice in this branch 
otf engineering. The custom has been, to a greater 
extent than in any other engineering work of like 
importance, to buy a stand-pipe much as a barrel 
of flour would be bought; the contract or agreement 
would be for a stand-pipe so high and so wide, the 
material and workmanship to be first-class in eyery re- 
spect. It seemed to be thought that for so simple a 
thing as a stand-pipe it was not necessary to employ 
an engineer, and perhaps engineers were, to a cer- 
tain extent, responsible for this idea, as many built 
stand-pipes with specifications nearly as frail as the 
above, and there seemed to be no effort to put the 
subject on a scientific basis. I presume there are 
many stand-pipes in existence which are supposed to 
have, Judging from the thickness of the plates and 
nominal tensile strength called for, a factor of 
safety of from 4 to 6, which, on accoun^t of a lack 
of uniformity in the plates, poor design In the riveting 
or poor work throughout the whole structure or 
in certain parts of it, are strained to very nearly their 
real ultimate strength. 

It is rather unfortunate that in a structure which 
is such an important part of a water-works system, 
the cost should be so small that it is ziot considered 
necessary to have such thorough inspection as would 
be required in a bridge, for instance, because the cost 
of such inspection is so large a percentage of the 
whole. 

I believe the best and most satisfactory way is to 
place the Inspection of the material at the mill and 
shop in the hands of an inspecting firm of good repu- 

* The following communications discussing the mat- 
ter presented in Appendix III. are reprinted from the 
correspondeuce columns ot Engineering News, 



iatioii, with the agreement that they shall .put thetr 
private stamp upon every piece as a guarantee that it 
has been Inspected. When the material c tmes upon 
the work, the engineer in charge can look for the 
stamp, and if it is not there the piece can be rejected. 

It would probably not be feasible to employ a spe- 
cial Inspector during erection on account of expense, 
but if the above were done, the engineer could be 
reasonalbly sure of a good jab, as he should be able 
to pass upon the mechanical work of construction. 

There are some methods of construction which It 
is desirable to change, but it is very difficult for a 
single engineer to make radical changd-i in bis specifi- 
cations, as they are usually antagonized by the mak- 
ers, and result in bids in which the cost is too great, 
even if the actual cost is not much in excess of old 
methods. The design and construction of stand-pipes 
have been largely in the bands of the makers, and some 
are apt to be jealous of '^engineers* notions.*' A certain 
uniformity of specifications in a general way would 
help in overcoming this tendency to resist new and 
better methods. 

I will suggest a few points in which I believe there 
is room for improvement, and which I have not ven- 
tured to introduce Into specifications as yet. 

One Is the method of joining the plates. The pres- 
ent method of lapping both horizontal and vertical 
seams is awkward and unmechanical, and belongs 
more to the methods of the village blacksmith than 
those of precise and scientific mechanism. They shojld 
rather be made like the accompanying sketch. Fig. 32, 
taken from a paper read by the writer before the New 
England Water-Works Association in 1893. In this 
sketch the horizontal seams are lapped and the ver- 
tical seams made with butt straps. This is a perfectly 
precise method, and requires no beating down op 
drawing out of the plates, and, in my opinion, would 
really cost no more than the old way. I use it now on 
plates over ^4 in. in thickness, but should prefer to 
use it on all thicknesses. 

The most important element In stand-pipe construc- 
tion, after that of proper material, is the riveting 
of the vertical Joints, and of all the work that is 
done, this is the most discouraging and the most 
effective in preventing accurate design. Specifications 
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feqnlre that the rivet holes ehall coincide, bat who 
has ever seen tbeni 60 an. aoless by that term I9 meant 
that a portion ot one hole shall cover a portloa ot 
anolher? A drift pin 1b not allowed to be uaed (a 
yerji proper precantloo), but It Is not so verj louch 
better to chip out the hole and lose the metal, nor 
ret to force the hot rivet Into a poaltlon where 
perhaps one-halt 1|3 area la lost, as far aa being 
effective Id preTentlDg ahearlng. which is the main 
dut; of rivets la vei-tlcal Joints. 

I believe that the rivet holes should be punched 
smaller than the rivets; a %-^a. bole should be punched 
H In., and otber sizes In proportion, and when the 




plates are In position the holes should be reamed 
to the proper size, both holea together. This would 
make a beautKnl lob. The hole could be made just 
right for the rivet, and the Joint would approilmate 
the design in strength. Now, this would not Increase 
the expense unduly If the shops were Qtted up and 
acTustomed to do this. The reaming could easily 
be done by power with the proper equipment, bat It 
would require nerve to write the first specmcallons Id 
tills way. 



The rivets should be driven by steam or hydranliii 
power. This may seem radical, bat I do not think so. 
I see no real reason why It could not be done with the 
suitable appliances. If field riveting can be done by 
power in any structure, a stand-pipe is the best form, 
as there are continuous rows of rivets of about the 
same dimensions, and the only especial form of ap- 
pliance would be the yoke of the riveter, which 
would need to straddle a 5-ft. plate. I do not believe 
this Is impracticable. I think it mu^t hurt the feel- 
ings of any engineer to see two men with heavy 
sledges pounding away at a cool rivet, endeavoring 
pliance would be the yoke of the riveter, which 
to form a head on it. The usual result is a very 
tliin. flat head, as the rivets are used as short as 
possible in order not to cause too much trouble if 
they happen to get cold before they are finished 

I fear that my letter^ is already too long, but I 
wish to say a word about painting. The plates 
should be cleaned of scale and covered with raw lin- 
seed oil before being exposed to the chance of rust- 
ing. They should not begin to rust. Before being sent 
to the site from the shop, they should have one coat 
of the paint which Is Intended to be used, all over 
them; the paint for the inside of the plates on that 
side, and perhaps the same on the outside, but no 
white lead or chemical paint should be put on the 
inside of plates. Pure asphalt paint or varnish out 
with turpentine is good. 

As to the quality of material, it is true economy 
to require the best, whether of iron or steel. As 
shoiwn by Professor Pence's tables of present market 
prices, the difference In cost of tank steel and flange 
steel is only one-fourth of 1 ct. per lb., the latter 
only costing about 1^ cts. per lb., while the flnished 
stand-pipe costs approximately 4 to 5 cts. per lb. 

I believe the specifications of Professor Pence for 
material and workmanship are quite complete and 
suitable. I have been using similar ones for the past 
year, although not quite as complete, especially for 
the rivets and riveting, which are particularly good. 
Yours truly. Freeman C. CoflSn. 

Boston, Mass., March 5, 1895. 

Sir: I have read Professor Pence's specifications for 
stand-pipes in your issue of Feb. 28, and his remarks 
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<m the same, with a great deal of interest, and trust 
that they will be fully discussed as you suggest. 

The only proYision in these specifications for plan- 
ing the sheared edges oif plates is that "all calking 
edges must toe planed to a bevel,** and they do not 
require punched holes to be reamed in plates of un- 
der % in. in thickness. This practice has the support 
of many engineers and manufacturers, but have we 
any thorough and extended series of tests to justify 
It? Would it not be much better to admit that all 
steel plates, no >matter how soft the material may be, 
are injured by punching and shearing, and to thor- 
oughly investigate the extent of this injury, than 
to go ahead, as we are now doing, without knowing 
very much about this matter? 

The following is taken from my remarks In the dis- 
cussion o(f Prof. Silas G. Comfort's paper on Bridge 
Specifications (Proc. Philadelphia Engrs' Club, Novem- 
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FIG. 33. EFFECT OF SHEARING SOFT STEEL. 



ber, 1894), and will show the extent and character of 
injury caused by shearing soft steel: 

Here are three pieces marked 1, 2 and 3 from a 
%-in. steel plate (which gave 53,180 lbs. ultimate 
8trength-46% elongation in 2 ins. and 64.6% reduction 
of area). They were cut side by side from the plate. 
This material will bend all right, as shown by Sam- 

Sle 3, there being no cracks on either sheared edge 
tut Sample 1 Is no good— it broke in two pieces; 
while in No. 2 one edge is good and the other poor. 
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All these bends were made over a pin in aame man- 
ner by slowly applied pressure. 

If you will examine these pieces carefully you will 
find a depression on the rolled surface extending 
back about one-eighth of an inch from the sheared edge 
(the mark is the same as the mark of die in punching, 
only deeper). The metal here was in contact with the 
shear knife, a, Fig. 33 (1), and li&a been compressed and 
hardened, and will not stand the bending test when 
on the outside of -curve-^that is, after being com- 
pressed it will not stretch. The rolled surface on the 
other side of plate at corresponding sheared edges 
is rounded, and will stand much better -when on the 
outside curve. It is not the fine wire edge that causes 
the trouble, as you can remove it, and yet the plates 
will not stand bending. 

Saimple 2 was erheared in the usual way, as shown in 
Fig. 33 (1 and 2), that is, after shearing one edge the 
plate was inserted a little further and a second cut 
taken, giving one compressed edge, a^, and one rounded 
edge on each side of the plate; therefore you cannot 
get a good bend whichever side of the plate you have 
up. 

In the other samples the plate was turned over 
after making the first cut, and both of the com- 
pressed edges brought on same side of the plate. 
Fig. 34 (3 and 4). (This can also be done by turning 
the plate around, but it is hard to hold in shearing.) 
In Sample 3 both of the compressed edges were on 
the inside oif curve, and the bend in good, while in 
Sample 1 they were both on the outside, and it is no 
good. 

This, no doubt, is old to many of the members, but 
may be of interest to some of the younger mem- 
bers. 

The samples of drifting tests had two %-in. holes 
punched in them, and one hole in each case has been 
enlarged to IH times its diameter, while in attempt- 
ing to enlarge the other hole the plate in each case 
has broken at the edge. The poor results or 
failures were caused by using a drift with very slight 
taper— the metal would not stretch at sheared edge 
where it had been compressed and hardened. In the 
other cases a drift of much greater taper was used; 
It thickened the metal up around the holes; then a 
drift of less taper was used and the holes enlarged. 

The sketches. Fig. 34, of these bent pieces. Samples 
1, 2 and 3, and of the piece subjected to drifting, 
Sample 4, show fairly well the results of the tests. 

Article 10 of Professor Pence's specifications reads: 

Punching.— The work shall toe carefully and accu- 
rately laid out in the shop, and the rivet holes 
pun>ched with a center punch, sharp and in perfect 
order,' from the surfaces to be in contact, etc. 

This, AS was stated, brings the bevel of the holes 

away from the surface in contact; that is, on the 

plates in outside courses the indentation made by the 
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bottom die in punch iug (corresponding to the inden- 
tation "a," Fig. 33, In shearing) is on the outside 
of the curve, and in the very worst conditi n to 
withstand the action of the bending rolls. 

In order to see how this would work out in practice, 
the following tests were made for me by Mr. S. M. 
Vauclain, Superintendent of the Baldwin Locomotive 
Worlds: 

Two pieces of open-hearth steel boiler plates, % in. 
thi'Cls, were sheared to 6x24 ins., the plates being 
sheared in the usual manner, giving in each one 
longitudinal edge rounded, and the other with de- 
pression, "a," Fig. 33. Two lines of 25-32-in. 
holes were punched with 2-in. pitch, centers 1^ Ins. 
from edges of plates. One-half of these holes were 
punched from one side of the plates, the plate turned 
over and the balance of holes punched. This gave In 
«ach plate the conditions of punching of both outside 
and Inside places In a stand-pipe. As these plates 
were to be bent, they were marked near the holes 
"punched from Inside,'* or "punched from outside," 
■corresponding with proposed manner of bending. 

The edges of one of these plates, Sample 6, Fig. 35. 
were planed ^nd all the holes reamed; those punched 
from the Inside were reamed 1-16, and those from out- 
side % In. Both pieces were then bent in bending 
rolls to a curve, 16 ins. In diameter; neither showed 
•any cracks at holes or edges of plates. They were 
then closed down under a hydraulic press to a circle 
of S% ins. diameter, as shown in B^ig. 3o. Sample 6, 
with reamed holes and planed edges, did not show any 
cracks at either edges or holes, but Sample 5, with 
sheared edges and punched holes, cracked at all holes 
punched from the Inside, and at several places along 
the sheared edge "a," Fig. 33, but none of the holes I 

punched from the outside cracked. 

Two pieces of Bessemer steel plate, % in. thick, ! 

were sheared to 6 x 36 Ins., and punched the same as 
before. Tliey are shown by the sketch, Fig. 36. Sam- 
ple 7 has sheared edges and punched holes, while 
Sample 8 has planed edges and reamed holes. These 
pieces were bent In bending rolls, but when Sample J 

7 reached a curve of 20 Ins. diameter, the plate had 
tracked In four places from the sheared edge **a," 
Fig. 33, to the punched holes. In three cases the 
holes were punched from tlie inside, and in the 
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-fourth from the outside. In the last case the crack 
no doubt started from the edge of the plate, as none 
. ot the other holes punched from the outside cracked at 
all. 

Sample 8 waa bent to a curve of 20 ins. diameter on 
"bending rolls, and then forced dcwn under hydraulic 
press to a curve of 8% ins. diameter, without showing 
Any cracks in the metal at the reamed holes or planed 
«dges. 

The tension tests and analyses of this material are 
flhown in the accompanying table: 

Tension Tests and Analyses of Test Plates Nos. 5, 6 

I and 7. 

%-in. Besse- 
, %-ln. open-hearth mer steel 

, steel plates, 1 plates. 

No. 5. No. 6. Nos. 7 and 8. 

Elastic limit, lbs 34,180 32.700 31,000 

Ultimate strength, lbs. 61,200 60.900 60,880 

Per cent, stretch, lbs.. 28.87 29.12 21.87 

'Carbon 0.22 0.21 0.18 

Manganese 0.39 0.47 0.46 

 Sulphur 0.037 0.014 0.040 

Phosphorus 0.017 0.014 0.112 

The Bessemer steel plate contains much more phos- 
pliorus than the open-hearth steel, but no more than 
some of the steel used in stand-pipes. 

If we take into consideration the results of the 
bending test on Sample 7, and the drifting test 4, It Is 
not a very hard matter to build up a theory of the 
cause of some stand-pipe failures. But this is not the 
question. It is, how to guard against these failures in 
the future. I would respectfully submit the following: 

That in all stand-pipe work the sheared edges of 
steel plates should be planed before the holes are 
punched, as small crackjs are often started at the 
sheared edge by punching (same as by drifting, Sam- 
pie 4). These cracks may not be removed by subse- 
quent planing of the edge, and would be enlarged 
when the plates are bent in the rolls. I know that it 
is a little more convenient to punch the plates first, 
and then set them at the planer by passing two of 
the punched holes over pins, and then planing oflT the 
«dge. This practice is not uncommon, but a few ex- 
periments on this point will convince any shop su- 
perintendent that he can get better results by plan- 
ing the plates first. 
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The same plau of workiug holds good for puuchlnir 
aDd reaming, even when the edges of plates have been 
planed first. This work should all be done in the follow- 
ing order: Plane edges, punch holes, ream holes, and 
then bend plate. But it is not at all uncommon, even in 
boiler work, to carefully plane the edges of steel 
plates, punch holes, bend in rolls, assemble plates, and 
then ream. The above experiments show how much 
better it would be to ream the holes before bending^ 
even If some additional reaming had to be done after as- 
sembling. Yours truly, Wra. R. Webster. 

3310 Hamilton St., Philadelphia, March 30, 1895. 



SPECIFICATIONS FOR THE SCHENECTADY 

STAND-PIPE. 

Sir: We enclose a copy of the specifications recently 
prepared by us for a steel stand-pipe in connection 
with the new w«jter supply for the city of Schenectady, 
N. Y. You will notice that the specifications for ma- 
terial are taken bodily, with few changes, from the 
specifications for steel stand-pipes by Professor Pence, 
published in Engineering News of Feb. 28, 1895, which 
seemed to us so good In both matter and word.ng as 
to make any material change in either undesirable. 
We enclose a list of the Wds received on May 9. We 
take this means of acknowledging our Indebtednesd 
to your paper. Yours truly, , , ^ 

The Stairwlx Engineering Co. 

Rome, N. Y., May 18, 1«96. 

(The stand-pipe called for was 32 x 100 ft., od 
foundations to be furnished by the city. The steel 
is to be soft open hearth, with not over 0.08% 
phosphorus for acid or 0.06 for basic steel. The 
thickness of the plates, from the bottom upwards, 
and the details of rivets and joints, are shown in 
the accompanying table. 

It is interesting to note that the specifications re- 
quire that the stand-pipe shall be painted with "two 
coats of black varnish approved by the engineer 
and of a quality equal to Edward Smith & Co.'s 
'Black Bridge Paint.'" This *'paint" we under- 
stand to be a modification of Prof. A. H. Sabin's 
Japan coating for water pipes and other metal, de- 
scribed in our issue of Feb. 7, 1895. The latter re- 
quires that the mental to which it is applied must be 
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baked, but this "paint," which is really a varnish, 
is so prepared as to make baking unnecessary. 

Three formal bids for the stand-pipe were received 
on May 9, 1895, under the above specifications, as 
follows: Ranton Boiler Co., Syracuse, N. Y., 
$8,335, to whom the contract was awarded; Riter 
& Conley, Pittsburg, Pa., $9,638; Enterprise Boiler 
Co., Youngstown, O., $10,994. The Elmira Machine 
Co. bid $9,100, but did not enclose the required 
check, and Tippett & Wood, Phillipsburg, N. J., 
offered to build a wrought iron stand-pipe for $9,045. 
—Ed.) 

Tihic'kQ esses of Plates and Details of Joints and Rivet- 
ing in the New Stand-Pipe for Schenectady, N. Y. 

I Rivets. , 

Dist. be- Thick- 

Thick- Di- tween ness 

ness am- Pitch, pitch cover 

pl-ate, eter, c. to c, lines. Kind of vertl- plates. 

ins. cal Joint. ins. 

D'b:e-ilv\l butt % 
" " 7-16 

" " 7-16 

<( i< ftf 

" 6-16 
" " 5-16 




lap 



D'ble-rlT'd 

(t 

« <( 

<( (( 

S'gle-rlv'd " 



Horizon tial courses are to be placed alternately inside 
and outside, with single-rlvetea lap Joints, these rivets 
to correspond In size with those given in the table 
for the same thickness of pl-ate, the pitch to be three 
diameters of the rivets. All butt Joints shall have in- 
side -and outside covering straps. The distance from 
the edge of any piece to the edge of the rivet holes 
shall not be less tnan 1% diameters of rivet. 
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THE ST. BERNARD, O., STAND-PIPE. 

(The following abstract of an article by Mr. Geo. 
Hornung, M. Am. Soc. C. E., which appeared in 
Engineering News of May 23, 1895, is presented at 
this place because of its relation to the matter con- 
tained in Appendix III., but mainly on account of 
the light which it throwa upon recent developments 
in stand-pipe erection. In the valuable communi- 
cation from Mr. Freenian C. Coffin, M. Am. Soc. 
O. E., reprinted in this Appendix, the suggestion 
is made (pp. 178-9) that power riveting should be 
used in erecting stand-pipes. It is certainly a 
-significant and hopeful fact that this timely sug- 
gestion was anticipated by several months by the 
progressive contractors for the St. Bernard stand- 
pipe. The methods and appliances there used are 
•described below.) 

The stand-pipe is 20 ft. in diameter, and its height 
115 ft. The plates were of "homogeneous steel," to 
liave the properties shown in the last column of the fol- 
lowing table (which also shows the results of tests of 

the material): 

By test. Specified. 

Minimum tensile strength, lbs .'in, 180 55.000 

Maximum " " •* 04.260 G.i.OOO 

JLverage " " " 59,455 

elastic limit. Ib3 36.594 

'* elongation, per cent 31 25 

** reduction of area, per cent.. 57 50 

" phosphorus, ** " 0.02 0.06 

Appearance of fracture Silky angular. 

The inspections were made at the mills by "a per- 
son of recognized ability" who certified to their cor- 
rectness. The metal displayed marlced ductility In the 
process of drilling and planing. The thicknesses of 
the plates were as follows: 

No of Thickness, No of Thickness, 

course. Ins. course. ins. 

1,2 13-16 12 % 

3 % 13. 14 7-rS 

4-8 11-16 15 % 

^ % 16 17 .Vl« 

10, 11 9-16 18-23 V4. 
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The rivet holes In plates thicker than 7-16 in. were- 
required to be drilled, but It was allowed that the 
holes in plates 7-16 in. and le^s in thickness should 
be punched and reamed, provided np damage resulted 
from the punching. The horizontal seams are riveted 
throughout. The vertical seams are triple in the six 
lower, and double in the remaining courses. The- 
spacing of rivets was not specifled numerically, but It 
was provided that the riveting should be designed 
so as to make the shearing strength of the rivets 
equal to the tensile strength of the reduced plate sec- 
tion. Drifting was prohibited. 

A noteworthy Innovation In the erection of thl»^ 
stand-pipe was the use of a pneu-mntlc riveting ma- 
ohine. which iwaa employed throughout in riveting- 
the shell together. The machine and the operator's 
platform are shown in the view, Fig. 37, as they 
are suspended and swung Into position for work. 

Another interesting feature of the work of erection 
was the derrick or staging. This consisted of an in- 
side framework, thoroughly braced, with a platfornk 
on top, supporting a pivoted boom. This boom rested 
on rollers running on a track about the edge of the 
platform. In operating the boom one arm -carried the- 
traveling carriage, with which the load was hoisted 
and held in place, and from the other arm was sua- 
pended a corresponding counterweight attached to a 
line, as shown in Fig. 37. The hoisting line, after it 
left the traveling carriage, passed down the center of 
the scaffold into the masonry archway or valve cham- 
ber under the tower, and thence to the drum of the- 
hosting engine. This stage and boom proved to be- 
highly satisfactory, and when damaged during a wind- 
storm early in 1895, It was quickly and easily repaired. 
L. Schrieber & Sons Co., of Cincinnati, O., the con- 
tractors for the stand-pipe, claim that the use of thls- 
type of derrick for stand-pipe erection Is original with 
them. The cost of the superstructure of the St. Ber-^ 
uard stand-pipe was |6,189. It was completed and 
filled with water the first time on March 27, 1895. 
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-Accidents, soe classification; 
damage ; failure. 

Anchora^re, failure of 16, 21 

importance of 94, 131, 138 

see gu.v8; wind. 
Angle at base, cracked ... 43, 118 
at top for stiffness against 

wind action 18, 20, 21 

oV>st rue ting movement of 

ice 40 

see ice; wind. 
Anthony, Kan., total failure 

during windstorm 124 

Ashevllle, X.(?., collapse dur- 
ing windstorm 19 

failed totally under ice 

strains 43 

angle, defective base 43 

Jiayshore, N.Y., supply pipe 

cracked dur'g windstorm 119 

Bedplate, see Ixittom. 

Bending, investigation of ef- 
fect of, on punched and 

sheared plates 180 

tests, see physical tests. 

BIllingsiK)rt, N. J., floor sys- 
tem of wooden tank 
failed 119 

Bixby, W. H 137 

Blackburn, M. A 124 

-Bottom, l)edding of 60, 119 

form of 101 

omission of 6, 109, 131 

Brickwork. see enclosing 
stand-pipes; masonry. 

"Caldwell. Kan., overturned 
during construction hv 

windstorm ". 10 

-Calking 172, 175 

see planing edges. 

Carroll, K 71 

<;ase, M. D 119 

Cement bedding, see Iwttom. 

Chase, J. C 109 

Chemical tests, imiwrtance of 156 
phosphorus. .36, 74, 156, 186, 189 
see steel plate specifications. 
Cliicago, brick tower leaned 

during construction 106 

Cincinnati, O.. failed totallv 

during first test *. 7 



Classification of stand-pipe ac- 
cidents and failures. 

original record 76 

damage, extent of 78 

date by month 99 

date by year IQO 

existing conditions and 

probable cause 78 

existiik^ stand-pipes in 

the United States 88 

general record 76 

location by states 98 

material, kind of, which 

failed first 37 

total failures, special rec- 
ord of 97 

wind accidents, special 

record of 99 

supplementary record 129 

w,ind, special record of 

stand-pipes tilted by.. 132 
total failures, final sum- 

marj' of 139 

see discussion. 
Cleveland, O., failed totally 
when partly filled with 

water 3 

Coffin, F. C no, 179 

Conical form of stand-pipe.. 

Cook, J. D 6, 106 

V/'^gler, D. a 5, 107 

Crehore. J. D g 

Cunningham, Thos '.'.'.'. m 

Damage suits, see litigation. 

Davis, C. B 09 

Defiance, O., plate cracked 
by explosion and fall of 

ic*e cap 36, 41 

failed totally when full of 

water 41 

cracked steel plate 40 

Discussions 78, 128 

tK)ttom, omission of 131 

conclusion 101, 140 

elevated tanks 101 

erection by fioating stage, 

95, 101, 106 

ice accidents 79, 130 

life of stand-pipes 96 

masonry, failure 92 

wooden tanks M, 181 

see classification. 
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I>udge City, Kan., total fail- 
ure during windMtorm . . 113 

guys, dangers of 115 

leaked 114 

leaned Il4 

wind, velocity of 114 

Drainai;e of site 130 

East Providence, R. I., lifted 
slightly on windward 

side .. 51, 116 

collapsed during windstorm 51 
failed totally under ice 

strains 54 

Erecting stand-pipes, assem- 
bling plates 16S 

drifting prohibited 171 

eccentric holes reamed. . 171 
damage resulting from use 
of primitive method of 

erection 15 

Hoatlng staging. 95, 101, 105, 100 

inside fixed staging 101 

see riveting. 
Erie, Pa., roof demolished by 
buoyant action of ice 
tube 107 

If actor of safety 58, 176 

Failures of stand-pipes, char- 
acteristic phenomena at- 
tending, 25, 34, 44. 48. 

56, 58, 64, 141 

analysis of phenomena 92 

exceptional conditions .... 74 
Floor system, failure of, see 

wooden tanks. 
Foundations, defective. 10, 16, 25 
settled imetpially, 106. 114. 

118, 122, 127, 128 
see masonry, failures of. 
Franklin, Mass., total failure 
owing to defective ma- 
sonry 23 

Oravesend, N. Y.. failed 

totally during first test. 14 

<}ray, S. M 58, 117 

Oreencastle, Ind., ladder de- 
molished by falling ice. 28 
Orlswold. la., foundation set- 
tled unequally 128 

Guys, dangers of, 

115, 125, 127, 138 
importance of... 94. 97, 131, 138 

used 15, 21, 47, 113 

see wind. 

Hampton, la., manhole con- 
nections burst bv falling 
Ice ' 112 

Harman, J. A 64 

Holbroolt, Mass., lifted slight- 
ly on windward side... 109 

Holdrege, Neb., leaked; 

leaned; slight damage.. 118 



Hoops, failure of, aee wooden 
tfl-Oks 

Howard, E. A 11» 

Hoxie, W. E 112 

Hunt & Co., R. W 71 

Ice accidents, critical stages 
of the weather leading 
to.. 4, 39, 41, 43, 47, 63, 68 
general discussion of, (a) 
with fixed stage of water 79 
eccentricity of Ice tube... 80 
expansive power of freez- 
ing water 82 

Ice cap 79 

Ice tube 80 

melting loose 80 

plasticity of Ice tube.. 81, 104 

porosity of Ice 81, 104 

refreezlng of water pocket 81 

water pocket 80 

water-tight connection at 

(b) with fluctuating stage of 
water, buoyant action of 

lee 83, 130 

eccentricity of Horizontal 

section 83 

excess In rate of expan- 
sion of Ice over tliat of 

steel 84 

fall of Ice 84 

Irregular Ice tube 83 

mass of Ice at top of tube 83 

melting at bottom 83 

obstructions within stand- 
pipe 83 

l)uoyant action of 40. 108 

cap, experience with 40 

explosion of 36. 41 

excess In rate of expansion 

as compared with steel. 50 

fall of 5, 28, 36, 50. 112 

formation during stationary 

stage of water 44, 54 

in rivet holes 75 

In water pocket 46, 61 

ob3tructlon to movement of, 

28, 40. 47 

presence of 42, 43 

tube, formation of. 

39. 43. 47, 61, 112 

Inspection of workmanship. . 166 

Jackson, Wm 110 

Jersey City, N. J., failed 

totally under Ice strains. 4 

Johnson, J. B 34, 71, 75 

Joints, see riveting. 

Kankakee, 111., anchorage 
failed; stand-pipe rocked, 
collapsed and overturned 
during windstorm 16 

Laddt^r demolished by falling 

Ice 28 
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Lainerenx. W. 37 

Leakage 10, 43, 52, 64, 68, 114, 118 

Leland, G. H 55, 116 

Lexington, Mo., total failure 

dnring first test 9 

footings aflfeoted by leakage 10 
Litigation bcause of stand- 
pipe failure 76 

Marston, A 1 12 

Marvin. ('. F 137 

Maryville, Mo., failcnl totally 

from falling ice 47 

Masonry-, failures of, brick. 23, 26 

concrete 10, 16 

see foundations. 

Maury, I). H 70, 141 

Moore, A. G 9 

Murphy, E. C 113 

Nappanee. Ind., hoops of 

woiHlen tank failed 42 

Newport, Ark. .hoops of wcxmI- 

en tank failed 22 

supporting frame of wooden 
tank failed 123 

Paine, C. W 21 

Painting 172, 179 

Pana, 111., foundation settled 
unequally, inlet pipe 

broke 122 

Parmley, W. C 68 

Pelican Sawmill, La., sup- 
porting frame of wooden 

tank failed '. 124 

Peoria, 111., failed totally 
while repairs were in 

progress 64 

- hosphorus, see chemical tests. 

Physical tests 6. 8, 15. 

34, 6(K 71, 72, 186, 189 
character of f racture . . 153, 161 

cold bending 154, 161 

drifting 160 

ductility 152 

elastic limit 152 

elongation 152, 161 

physical properties. . . .153, 160 

quenching 154 

reduction of area 152, 161 

tensile strengtii l.'>2, 160 

Planing edges of plates 183 

Plate metal, choice of 147 

steel vs. wrought iron 

85, 91, 150, 170 
Bee steel plate; wrought 
Iron plate. 

Plates, bending 169 

beveling 168 

limitation 179 

to thickness 102 

scarfing 170, 174, 177 

shearing 179 



Plattsmouth, Neb., anchor bolt 
failed; stand-pipe rocked 
and collapsed during 

windstorm 20 

Porter, J. M 55 

Punching rivet holes in steel 

plates, damage from 

36, 68, 75, 167, 181 

laying out work in shop 168- 

limits to thickness 103, 16T 

see drilling; reaming. 

Reaming rivet holes 168, 180 

Reed, W. W 108- 

Repairs to damage<l stand- 
pipes.. 10, 20, 21. 30, 37, 
52, 54, 107, 109. 113, 

118, 122, 124 

Rivet holes, drilling 163, 174 

eccentricity of 168- 

punching I6T 

metal, blue heat 163 

critical temperatures 163 

field rivets 162 

shearing strength 16R 

specifications 164, 175- 

tests 104 

Riveting, butt vs. lap rivet- 
ing 170, 17T 

failure of 34 

by machine in stand-pipe 

erection 178, 190 

quality of 18, 25, 28- 

reaming rivet holes 171 

snapping 172 

specifications 175 

sufliclent stock 172 

„*^f8 • 165 

R<x)fs, advantages of 102 

dangers of 102 130 

Ruggles, W. W .' 4. 

Salem, S. Dak., hoops of wood- 
en tank failed 124- 

Sandusky, ().. Inner stand-pipe 

buckltHl when empty.... T 
Inner stand-pipe burst when 

full © 

Schenectady, X. Y., stand- 
pipe spe<'iflcatlons 18T 

Seams, sec riveting. 

Seneca Falls, N. Y.. failed to- 
tally when full of water 24 

Shearing, damage from, see 
workmanship. 

Slicaring strength, see rivet 
metal. 

Shedd, J. H .'>4, 64, 116 

Smith, E. R 119 

Specifications, stand-pipe, cur- 
rent practice In (Appen- 
dix III.) 144 

choice of metal 147 

Introductory 144 
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painting 172 

rivet mt'tttl 1C2 

specifications for metal and 

worl^mansl)ii» 173 

steel plate 150 

workmanship 160 

wrought iron plate 159 

Staging, see erection. 

Stand-pipe, double (> 

enclosing, advantages of ... 102 

unusual conditions lOS 

leaning, see foundations. 

life of 97 

weight of 111. 132 

fit. Bernard, O., stand-pipe, 

construction of 189 

Steel plate, brittleness in 

34, 68, 73 

defective 15, 26, 40 

ductility, in 34, 113 

fractures of, in stand-pipe 
ruins.. 26, 34, 41, 44, 66, 

68, 75 

market classifications 150 

prices of 152 

specifications for, deficient 

15, 32, 48, 70, 75, 155 

tank 15, 34, 36, 74 

tests, see chemical tests; 
pliysical tests, 
fiteel stand-pipes, failures of, 

see classification. 
Stevens Point, Wis., plate 
cracked and bulged by 

falling ice 36 

angle iron obstructing 

movement of ice 40 

buoyant action of ice 40 

critical stages of weather. 39 
experience with ice cap . . 40 

formation of ice tube 39 

repairs to stand-pipe 37 

Supply pipe cracked 119 

Tank steel, see steel plate. 

Temple, Tex., failed totally 

during first test 30 

Tests, see chemical tests; 
physical tests. 

Thibodaux, La., foundation 

settled une<iually 1 28 

Thomasville, Ga., failure of 
brick tower during con- 
struction 26 

Tower, see enclosing stand- 
pipes; masonry. 



Vibrations, see wind. 

Vi<*toria, Tex., empty upper 
portion collapsed during 
hurricane 10 

Vorhees & Witmer 123 

Weather leading to ice acci- 
dents, see ice. 

Webster, W. K 187 

Wheatland, la., hoops of wood- 
en tank failed 42 

Wilmington, N. C, omission 

of metal bottom 109 

Wind, accidents due to, dis- 
cussion of 94, 131 

ancliorage 93, 94, 133, 138 

collapse 94 

concurrent vibrations and 

gusts 94, 133, 137 

cylindrical surface, pressure 

on 135 

erection by floating staging, 

see erection 95 

guys 97, 138 

table v., special record of 

wind accidents 96 

table XI., record of stand- 
pipes tilted l)y wind- 
storms 132 

velocity of 94, 136, 137 

vibration of large tanks.. 97 
storm, collapse during .... 

10, 16, 19, 21, 51 

contrast in 117 

tilted more or less on 

windward side during 

16, 21, 51, 109, 110 

o sTerturned during ... 

10, 16, 113. 125 
velocity of ..11, 19. 20, 21, 

53, 110, 114, 116, 120 

vibrations of plates by 

9, 11, 16, 21, 47, 116, 121 
Wooden tanks, failures of, 

floor sjstem failed.. 119, 124 

hoops burst 42, 124 

supijorting frame failed 123, 124 
see classification. 
Wrought iron plate, deprecia- 
tion of quality 89, 149 

favorable record of . . .37, 85, 148 

market classification of 159 

specifications for 160 

stand-pipes, failures of, see 
classification. 



